50 WAYS TO 


TOUCH 
MEMORY 


From the company 
that took the memory 
out of the computer 
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INTRODUCTION 


Semiconductor memory chips, 
to date confined to the printed 
circuit board inside of comput- 
ers, can now be directly attached 
to almost anything. Dallas 
Semiconductor has designed 
Touch Memory chips so that 
they can be taken outside the 
computer and stuck in all kinds 
of novel places: on hospital 
bracelets, pallets, garbage 
cans—even cows. DS199x 
Touch Memory chips are 
Stainless steel, self-stick labels 
that read or write with a momen- 


tary contact. 


When a memory chip becomes 
a label, information is available 
immediately on the spot — 
there’s no need to reference a 


remote computer’s memory. 


Touch Memory 
is housed in a 
stainless steel 
container called 
a MicroCan™. 
Canning is a 
high-volume, 
low-cost 
packaging 
methodology 
known for its 
excellent ability 
to preserve 
contents. 


Large amounts of up-to-date 
information accompany the 
tagged object. Data can be 
added with little or no worker 
involvement. As the object 
moves from point to point, 
information is transferred free 
from the restrictions of a wired 
network. Further, it is not 
limited by the radio interference, 
range, and degradation of an RF 


network. 


Touch Memory chips are 
packaged in coin-shaped 
MicroCans to withstand harsh 
environments. The simple 
conductive surfaces of this 
package are the conduit for 
error-free data transfer to other 


chips in the system with the 


economy of a direct chip-to-chip 
digital link. 


Getting a memory chip to 
operate with just one signal plus 
ground was critical to make 
practical a memory that reads or 
writes with a touch. Other 
semiconductor memories such as 
DRAMs have multiplexed 
address signals to reduce con- 
nections, but stop far short of the 
magic of a solo signal. Touch 
Memories are intensely multi- 
plexed using Dallas 
Semiconductor’s 1-Wire Touch 
Protocol. The Touch signal 
transitions between 0 volt and 
+5 volt levels. The host chip 
Stimulates the Touch Memory 
by sourcing +5 volts; the Touch 
Memory responds by pulling the 
signal down with an input 
resistance that changes between 
500,000 ohms and 100 ohms. 


INTRODUCTION 


This 3 1/2 order of magnitude 
resistance shift permits easy 
sensing of the digital signal 
even with substantial contact 
resistances (> 500 ohms). The 
length of time (long or short) 
that the signal is pulled down 


represents 1's or O's. 


The coin surfaces of the Touch 
Memory can be extended to 
facilitate automation. The touch 
surface area can be enlarged, 
reshaped, folded, and designed 
for rubbing motion. A distance 
of 300 meters between the 
Touch Memory and the chip it 
is communicating with can be 
accommodated. As an example, 
the Touch Memory’s surface 


can be extended to incorporate 


Touch Memory 
uses digital 
signals to 
activate electric 
locks, providing 
convenient 
entry to secure 
areas. 
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the bumper of a truck for 
contacting the loading dock, 
circumventing the need to align 
a probe to the smaller MicroCan 
itself. 


Application software support 
from Dallas Semiconductor 
includes a cordless Touch pen, 
PSION hand-held computer, PC 
keyboard, PC COM port, VAX 
terminals (VT101 and VT220) 
and a teleserviced dumping 
cradle that allows information in 
the Touch Memory to be 
transferred to a remote computer 


over the phone lines. 


Touch Memories carry mes- 
sages as the objects to which 

they are attached move about. 
Notations can be added at any 
point in the transit path. Even 


with many objects arriving 
from multiple originations, 
relevant information about a 
particular object is selected 
with the specificity of a touch. 


No two Touch Memories are 
the same. Each contains a 
guaranteed unique serial 
number that is lasered into the 
chip at the time of manufac- 
ture in Dallas. This number is 
a permanent registration code 
engraved in silicon that 


provides absolute traceability. 


This booklet illustrates some 
50 application examples and is 
an invitation to Touch 


Memory your way. 


Touch Memory Characteristics 

> Read or write with a momentary contact 

> Unique, factory lasered 48-bit serial number for 
traceability 

» MicroCan can be affixed to almost any object 

> Communicates to host via a single signal 

> Announces connection to host with a presence detect 


> Data retention > 10 years 


MicroCan Package 

> 16.3mm coin shape is standard to entire Touch family 

> Durable stainless steel case _ 

> F5 package height is 5.8mm with an attachment flange 
around the base for mounting 

> R3 package height is 3.2mm; attaches with an adhesive 
pad 


> Can transfer data with intermittent, resistive contact 


Touch Family 


psis90r3_ | — | aeaaez ir | — ~~ | — | Touch Serial Number,ROMonly 


Environmental Conditions 


» Temperature Range 
Operational -20 to +70°C (DS1990 -40 to +85) 
Storage -20 to +70°C (DS 1990 -40 to +85) 

» Mechanical Shock 500 g’s (6 axis) 

> Immersion in Saline 24 hrs. 

> Drop Test 5 ft. to concrete 

> Crush Test 25 Ibs. for 30 sec. 

> Contact Durability 10° insertion/withdrawal 

Touch Protocol 


> 16K bits/sec. bidirectional data transfer rate 

> Multiple devices can share a common conductive surface 

> Unknown devices in a field of many discovered at a rate 
of 72 per second 

> Data integrity insured by use of CRC’s, scratchpad, 
verification and page writes via an uninterruptible 


copy command 


eae Touch MultiKey, 3 Secure Partitions* 


Touch Memory Plus Time** 


*Three secure memory partitions each protected by a 64-bit password; incorrect passwords return random data to confuse 


unauthorized listeners. 


**Calendar date and time, interval timer, and access counter included with alarm; lock bit prevents tampering. 


ASPECTS OF TOUCH 


Miuitiplexing 1-wire technology reduces 
signalling associated with a 
1 WIRE —Y nonvolatile static RAM toa 
single conductor plus ground. 


DA —— pata out 


A Touch Memory chip is 
stimulated by a 5-volt signal 
from a host and responds by 
switching the input resistance 
3 1/2 orders of magnitude, 
from 500,000 to 100 ohms. 
Substantial contact resistance 
can be tolerated because this 
5000 to 1 off-to-on ratio 
swamps out the effects of poor 
contacts. 


Intermittent contact such as 
encountered on a spinning 
wheel can be accommodated. 
Contact dwell for reading the . 
serial number is only S5mS 
and transferring a 256-bit 
memory page is just 20 mS. 
Even though the ball bearing 
contacts are sliding and 
intermittent, communication 
is error free because data 
packets are transferred in 
short intervals, the 
scratchpad is verified before 
writing memory, and all data 
is tagged with a powerful 


cyclic redundancy check 
TOUCH MEMORY (CRC16). 


ASPECTS OF TOUCH 


Tolerance to ESD beyond 
+/- 10,000 volts results from 
reducing pin count to one and 


Static Electricity Testing 


including a special protection Human bedy cireult model 
device in the chip layout. 
>+ 10,000V 1.5K 07% 
or 
<- 10,000V 


The unique serial number and 
sorting logic in each Touch 
Memory allows for discovery 
at a rate of 72 per second out 
of a population of 10!” 
devices. Once a specific 
Touch Memory is selected, 
communication occurs with 
one device at a time, taking 
on the characteristics of a 
micro LAN. 


1-WIRE 


Sharing The Same Surface 


CONDUCTIVE 
SURFACE 
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MULTIPLE 
TOUCH MEMORIES 


TOUCH 
MEMORY 


Multidrop Capability 


| LOCATION LOCATION —_ LOCATION 
(uke +» #1 #2, #N 


TOUCH 
MEMORY 


Inexpensive Interface 


TOUCH MEMORY 


_ HOST 
BKA. Microcontroller 


Write 1 \__/ \__ 


_ > «¢P15 us max 
Write 0 \ / 


60 us min 


MEMORY 
ARRAY 


Paperwork vs Distance From Computer 


(WITH TOUCH MEMORIES) 


NUMBER OF PAPERS 


DISTANCE 


ASPECTS OF TOUCH 


The 1-Wire Touch Protocol 
forms a micro LAN at the 
lowest price point. This 
powerful protocol can identify 
the opening or closing of a 
specific switch by using the 
unique serial number in each 
Touch Memory. The host then 
knows the location by reading 
the notation stored in the 
Touch Memory. A closure or 
opening can be from a reed 
relay, pressure switch, or bi- 
metallic temperature switch. 


The 1-Wire Touch Protocol 
uses long and short pulses to 
encode binary data, much like 
Morse Code. A single conduc- 
tive link (plus ground) is the 
lowest cost way for two chips 
to communicate. 


The amount of paper needed to 
document an activity increases 
as work is done away from the 
computer. However, with 
Touch Memories the paper- 
reducing benefits of computers 
continue even where the 
network stops. 


Touch Memories keep Touch Memory Extends the Reach of Computing 
information flowing to the 
hands-on, walking workers. 
The low interface cost of 
chip-to-chip communication 
serves hand-helds as well as 
networked computers. The 
movement of Touch Memo- 
ries from point to point 
carries information as a 
network without wires. 
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COMPUTER 
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. INSTRUMENT WITH TOUCH 
(DS9092 PROBE) 


A-—>B—>C—»>D—>E—->F PATH OF MOVEMENT 


1. DS9096 Mounting Pads 


2. Press Fit 
pe TOUCH MEMORY 


ATTACHMENTS 


1. The DS9096 double-side 
foam mounting pads attach 
Touch Memories to almost 
any surface with the ease of 
adhesive tape. 


2A. By deforming the 
metal over the flange, a 
Touch Memory is locked 
into place. 


2B. An interference fit 
secures the Touch Memory 
in an undersize hole. 


ATTACHMENTS 


TOUCH MEMORY 


¥ 


3. A circular retaining ring %$. Panel Mount 

is pressed over the Touch PANEL 
Memory, biting into the a 
side wall. The fastener 

locks the Touch Memory in 

the panel through hole. 


FLANGE 


RETAINING RING 


4. A C-clip such as the one 4. Mechanical Flange Mount 
molded into the DS9093F 


mount binds the flange of DS9093F DS9093S 
the MicroCan. 


The DS9093S holds the 
MicroCan captive with 
screws Or rivets. 


5. Readily available 5. Adhesive Backed Magnet Tape 
magnetic adhesive tape MAGNET TAPE 
conveniently adheres to TOUCH MEMORY 


ferrous surfaces for reus- 
able self-stick applications. 


MATERIAL 


6. DS9098 MicroCan Retainer 6. The DS9098 Retainer is a 
single piece, all-metal 
receptacle for surface 
mounting a MicroCan to a 
printed circuit board. The 
center contact is perma- 
nently separated at first 
insertion. The MicroCan 
pops up for removal when 
the side latch is released. 


GROUND DATA 


7. DS9094F and DS9094FS MicroCan Clip 7. The DS9094 MicroCan 
Clip holds and connects a 
Touch Memory to a printed 
circuit board. 


8. Fabric Mount 8A. Touch Memories fasten 
to soft, flexible materials 
such as fabrics using a pin. 
The surface of the MicroCan 
can be embossed with an 
emblem. 


8B. Spring loaded clip. 


TOUCH MEMORY TOUCH MEMORY 
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9.The DS9092 Probe self- 9A. DS9092 Touch Memory Probe 9B. DS9092T Touch 
aligns to the circular rim of Memory Probe (Tactile) 
the Touch Memory. The Sg OP 

probe can be panel-mounted 
using a press-on locking 
retainer. 


POGO PIN 


10. Simple, low-cost metal 10A. Ground Contact Stamping 
stampings form a read/write (center) —= 
probe for the Touch eosccccces 
Memory family. The Pocccccccced 
stampings can be pressed ; 
into a plastic molding 


designed to accept them. { y 


10B. Ground Contact Stamping 
(wall) 


PANEL MOUNT 


11. The DS9092GT hand 11. DS9092GT Probe with 
grip-mounted probe comes Grip 
attached to a 4-inch handle 
and a 1-meter cable termi- 
nated with an RJ11 jack. 


eletets 


fotetete: 
etepete 


Coes 
tots: 
catate 
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12. Magnetic Multi-Holder 12. MicroCans formed from 
magnetic stainless steel stay 
put under a magnetic field. 
The permanent magnetic 

TOUCH MEMORIES holder maintains the electri- 


cal contacts. Multiple 
memories share the same 
1-wire interface, yet can be 
communicated with indi- 
vidually. This holder 
arrangement is ideal for 
identifying multiple person- 
nel, each with their own 


TOUCH MEMORY Touch Memory, to a com- 
puter. 


MMMM IOM EMME RRR 


PLASTIC 
MAGNETIC MOUNTING TAPE STAINLESS 
STRIP GROUND 


TOUCH 
MEMORIES 
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SURFACE EXTENSION 


13. Metalized tape can 
enlarge the conductive 
surface of a Touch Memory. 
The metal film is divided 
into separate ground and 
data areas by scoring. First, 
a flap is cut, then folded. 
The region the Touch 
Memory clips to has a 
ground area behind the data 
area insulated by the polyes- 
ter backing. The metal clip 
holds the MicroCan in place 
and routes the ground 
connection. 


GROUND: DATA 


13. Conductive Tape 


METALIZED POLYESTER 
ADHESIVE TAPE 


CUT LINE 


SCORE LINE 


FOLDED 
BACK FLAP 


FOLDED 


TOUCH MEMORY 


METAL RETAINING 
CLIP 


SASTRY 


ek are 


ne 


SS eee 


13 


14. Pennant 14. The pennant holds the 
Touch Memory. If attached 
to a grounded surface that is 
common to the reader, then 


only the data surface needs 
to be touched. 
CUTAWAY 
J 
]| <a. 
CABLE 
PLASTIC CRIMP 
SPRING i 
a 
GROUN ¥ 


TOUCH MEMORY 


FRONT 


DATA 
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15. Placing a Touch 15. Rod 
Memory inside a tube 

affords extra mechanical 

protection. The rod shape 

stretches the cylindrical 

shape of the MicroCan to 

whatever length desired. 


GROUND 
| 
Yj 
/ STRANDED 
] STEEL 
j CABLE 
] 
Y 


\\ 
> 
n 
= 
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TOUCH MEMORY 
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S/S 4 ——. PLATED STEEL TUBE 


IS 


16. Bar 16. A touch bar can be 
made by joining two tubes 
separated by an insulator. 
The bar length can be 
increased to make loose 
alignment tolerance for 
touching the data and 
ground surfaces. 


TOUCH MEMORY 


PLASTIC SLEEVE 


STRANDED 
STEEL CABLE PLATED STEEL TUBE 
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17. Steel pipe which is 17. Split Conduit 
used as a bumper or lift for 

a container can become a 

rub rail for touching the 

expanded data and ground 

surfaces of the Touch 

Memory. 


GROUND 


INDENTATION 


TOUCH MEMORY il 
SOARS a 


=< RUBBER WASHER 


TOUCH MEMORY 


SPRING 


GALVANIZED 


a STEEL PIPE 
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18. Instead of enlarging a 
rigid surface, metal cable is 


18. Hanging Cable 


used so deflection occurs if 
touching is not controllable. 


force associated with 


LU 
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O 
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TOUCH 
MEMORY 


STEEL TUBE 


<— PLATED 


PLUMB WEIGHT 


18 


19. In addition to serving 19. Cable Loop 
as a hanger, the cable loop 

provides the conductive 

path to the Touch Memory. 

Multiple objects can be on 

the same hook because the 

1-Wire Touch Protocol can 

single out each Touch 


Memory for individual 
discussion. 
PLASTIC 
lal SLEEVE 
RAIL ———> <— RAIL 
INSULATING lie 
GROUND TUBE os 


CABLE 
ey 


EQUIPMENT 
an 


TOUCH MEMORY 


GRAVITY 
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20. Hanger 
TOP VIEW WITH CLIP 
PLASTIC GROUND 
SUPPORT 


DATA 


4 TOUCH MEMORY 
(CLIP NOT SHOWN) 


\ nanos 


EQUIPMENT 


CASE <— PLASTIC SUPPORT 


RLLLLLER LOLI IOI DOD OR ID RRS PIRES 
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SURFACE EXTENSION 


20. A wire hanger makes 
data and ground contacts 
while on a rod. The rod is 
split into two half circles to 
match the contacts on the 
hanger. 


21. The Touch Memory 21. Badge 
attaches to an ID Badge 
using an adhesive pad (see 
number 1) or a locking 
retainer (see number 3). 


22. Acombination of a 
mechanical and electronic 
key boosts security. 


22. Key 


TOUCH MEMORY 


23. The Touch Memory 
easily fits on a keyring and 
Stays body friendly. 


23. DS9093 Key Fob 


TOUCH MEMORY 


zi 


24. Door Entry Wall Plate 24. This employee ID 
badge uses Touch technol- 
ogy to provide convenient 
yet secure access to re- 
stricted areas. The wall plate 
holds a DS9092 Touch 


Probe and an LED indicator. 
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25. Inside this visual badge 25. Easy Badge 
is the DS2569 Touch/ 
Proximity chip. The back 
side has a touch port for 
reading or writing. When the 
badge is within 15 meters 

of a 132KHZ source, it 
automatically responds by 
transmitting its data at 
303MHZ. The privacy 
button respects the rights of 
the individual. 


PATIENT 


DR. LEE CALL X371 
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Medical 


26. Cowboy Tag 26. The ownership and 
medical records of livestock 
are kept on the ear tag. 


PRESS FIT 
MicroCan | 


PLASTIC 
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Medical 


27. The hand-held meteris 27. Bracelet 
touched to the patient's 
hospital bracelet to identify 
who is being tested. 


saute sean i i An 


TOUCH 


28. The Touch Memory 28. Diagnostic Reagent Label 


affixed to the reagent vial 
holds specific information 
about this reagent. In order to a 
insure accurate test results, it ww i aes 754 x 
is touched to the test meter to \ te i eel: 1 651 3 
calibrate the instrument. 
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29. Sample Tube 


TO 
COMPUTER 


FASTENER 
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29. The Touch Memory 
fitted to the bottom of the 
sample tube stores the 
patient's name, hospital ID 
code, and the time and date 
collected. Gravity holds the 
Touch Memory in contact 
with the probe. Information 
is automatically added to 
the memory as the sample 
tube is processed in the 
laboratory. 


and 
Container Handling 
Equipment 


30. The surface of the 30. Mail Tray 

Touch Memory is ex- 

tended to the bottom and 

sides of the mail tray with 

conductive tape. The tray 

can be identified and 

sorted according to its © 
destination by a contact 
from the side or bottom. 


COTES EF 


FEED THROUGH 
FOR GROUND 


PRRRHS 


TOUCH MEMORY 


CONDUCTIVE FOIL 


2) 
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and 
Container Handling 
Equipment 


31. Conveyer Side 31. This conveyer belt 
moves containers passing 
by fingers which wipe the 
extended Touch Memory 
surfaces. 


GROUND 
WIPER 


32. Conveyor Bottom 32. This container slides on 


rollers and wipes the 


conductive surface from 
bottom. 


GROUND 


SAAR REAR REED AA AA MEA AAR R 
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Container 

and 

Container Handling 
Equipment 


33. Metal stampings are 
affixed to a plastic work 
tote. They are formed to 
hold the Touch Memory 
and simulate the MicroCan 
shape for contacting with a 
touch probe. 


34. This silicon wafer 
container identifies itself 
and specifies the process 
parameters for the worksta- 
tion while resting on a 
tabletop. The grounded 


stainless steel surface has an 


insulated data strip to 
communicate with the 
Touch Memory. 


33. Work Tote 


000171346 


Simulated MicroCan 


SIDE WIPE 


SNe lctarere 


SURFACE 


34. Wafer Carrier 


: 
at te eee Py ila) Casa aaa: Se WR tee ee 
ne = 
STAINLESS \. 
= DATA STRIP 
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and 
Container Handling 
Equipment 


35. Pallet with Screw Mount 35. The Touch Memory is 
fastened with screws to the 
pallet using the DS9093S 
screw mount accessory. 


FASTENER 


DS9093S 
SCREW MOUNT 


36. Pallet with Fork Lift Flap 36. The conductive flaps 
contact the fork lift arms to 
transfer data to the Touch 
Memory. The left arm needs 
an insulated contact area for 
the data path. 


“=~ FLEXIBLE 


a. FLAP 


aeehanetanetavetetesert 
BIL 


DATA FLAP TOUCH MEMORY 


GROUND FLAP 
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Container 

and 

Container Handling 
Equipment 


37. The magnet draws the 37. Pallet with Touch Bar 
Touch Bar into its pole 
faces. The south pole 
surface is insulated for the 
data contact and the north 
pole is the ground retum. 
See number 16 for details. 


ee 
TOUCH BAR a 
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39A. Reel 


32 


FLEXIBLE 
RETAINING 
STRAP 


PARTS REEL TOUCH MEMORY 


FOLDED 


STRAP ‘ 


LATCHED 
TOUCH 
MEMORY 


MAGNETIC 
LATCHING 
PROBE ON 
BALL 
BEARING 


MOUNTED 


and 
Container Handling 
Equipment 


39. Information conceming 
the parts on this reel is kept 
in the Touch Memory. 
When free standing, the reel 
can be probed with a 
handheld computer. When 
mounted, the Touch 
Memory transfers informa- 
tion through the axial to the 
dispensing machine even 
while rotating. See number 
39B for detail of bearing. 


Container 

and 

Container Handling 
Equipment 


39B. The Touch Memory 39B. Detail of Bearing 
is latched into place like a 

hub cap. A magnet in the 

probe holds the connection 

while the reel turns relative 

to the axial. 


| WTURN 


PLASTIC STRAP 


TOUCH MEMORY 


ROTATING 
REEL 


STATIONARY 
AXIAL 
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40. Cart with Automatic Check-In/Out 


SIMULATED 
MicroCan TOUCH MEMORY 


eo 
ZAIN ALAABALAALALAALA BAS 
INSULATED 


DATA RAILS mag ee ID ae 
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ia GROUND MAGNET 
GROUND CABLE 


Container 

and 

Container Handling 
Equipment 


40. The cart and its indi- 
vidual work trays are tagged 
with Touch Memories. The 
weight of a tray holds the 
connections to the data rail 
and grounded frame. As the 
cart docks at a workstation, 
magnets attract the flexible 
cables to form a conductive 
path to the Touch Memory. 
The computer inventories 
the cart automatically and 
detects any arrival or depar- 
ture of each tray. 


PORT FOR 
TOUCH PROBE/PEN 


DATA CABLE 


DATA MAGNET 


Container 

and 

Container Handling 
Equipment 


41. Identification and cargo 
information stored in the 
trailer's Touch Memory is 
brought forward to the 
tractor without driver 
involvement. Alternatively, 
if the trailer is standalone in 
a parking lot, a hand-held 
computer can probe a 
designated contact point. 


Hand-Held 
Computer 


NOAA WH — 


41. 1-Wire Trailer Identification 


TOUCH MEMORY 


. Ground 3-WAY READ/WRITE 

. Side clearance lamp A. To tractor multiplexed on side clearance 

. Left turn signal lamp wire or by way of a conductive air hose 
- Stop lamp _ B. To hand-held computer via touch point 

. Right turn signal 

. Fail clearance lamp C. To loading dock by touching bumper 

. Auxiliary 
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and 
Container Handling 
Equipment 


42. Trailer Bumper 42. In order to service rough 
use conditions, flexible cable 
readily yields if hit by an 
obstruction. The cable 
straddles the trailer center 
line and is kept straight by 
gravity. Each cable is drawn 
into its respective dock 
magnet as it becomes 
influenced by the magnetic 
field. Wide positioning 
tolerances in the X, Y, and Z 
axes can be achieved. 


DAL SEM 


TO TOUCH MEMORY 
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Container 

and 

Container Handling 
Equipment 


43. The identification and 
location of each trailer is 
made automatically as its 
data and ground cables are 
captured by the magnets 
before the bumper hits the 
rubber stops. 


43. Loading Dock 


MOUNTING 
SCREW 


CIRCULAR 
MAGNET 


\ 7 


RUBBER 
STOPS 
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44, Multi-Trailer Truck 


DRIVER'S ID 
BADGE OR KEYRING FOB 


TRACTOR 
COMPUTER 


and 
Container Handling 
Equipment 


44. Multiple trailer IDs, 
along with cargo informa- 
tion, are forwarded to the 
tractor using the 1-Wire 
Touch Protocol. 
Transportion records 
including driver ID down- 
load from the tractor to a 
radio base station using the 
DS2569 Touch/Proximity 
Memory Chip. 


TRACTOR’ TRAILER #1 TRAILER #2. ~=TRAILER #3 


TOUCH MEMORY ON EACH TRAILER 


TRACTOR 
4FOUCH PROBE 


#2 


ENGINE DATA nn 
COM PORT 
ADAPTOR DS9084A CARD 
RECEPTACLE 
DOWNLOAD 
TRACTOR STATUS 
Cyber Card ad. VIA RF LINK 
WITH saunnenn ema 
DS2569 TOUCH/PROXIMITY 
CHIP 
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SYSTEM 
INTERFACES 


45. The DS2404 chip has 
two serial ports, a 1-Wire 
which supports the Touch 
Protocol and a 3-Wire for a 
higher speed microproces- 
sor interface. Serial number, 
location of home base, 
Calibration records and 
percent of time which 
equipment is utilized are 
available by touching the 
DS9092R MicoCan. 


45. Dual Ported Touch Memory 


DS9092R 
MicroCan PORT 
(Tabbed for data 


and ground leads) EQUIPMENT 
ENCLOSURE 


<———_-__ 1-W IRE 


DS2404 <#———_ 4K MEMORY PLUS TIME CHIP 


ip <—_— _ 3-WiRE 


pl 
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46. Touch Command Pad 


47. Touch Pen 


7 \\ 


A 


Cordless wand collects and distributes the data from 


Touch Memories. See page 41. 


49. Touch Keyboard 


FP] 


Z| 


Touch Memory identifies a person to a com- 
puter and generates many keystrokes with a 
single touch. See page 45. 


> 

Inexpensive interface box added to Psion hand- 
held displays and edits Touch Memories. 

See page 49. 
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SYSTEM 
INTERFACES 


46. Touch Memories can 
store commands as well as 
data. Simple keyboards can 
be constructed by placing 
Touch Memories next to 
visuals. Unlike traditional 
keyboards no wires inter- 
connect the buttons. 


E 


48. Touch COM Port Adapter (DS9097) 


DS9092GT 
PROBE 


K. DS9097 
IBM PC 
COM PORT 
ADAPTER 

Personal computers read and write Touch 

Memory with a direct COM Port connection. 


See page 43. 


50. Touch Memory Communication with the Psion 
Organizer Il, Model L264 
DS380S2R 


TABBED 
MicroCan 


DS9093F 
FOB MOUNT 


XK DS9097 
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ADAPTER 


APPLICATION BRIEF 


TOUCH PEN 


PURPOSE 

To provide an intuitive means for collecting and distribut- 
ing Touch Memory (TM) data with a pen-shaped instru- 
ment. 


DESCRIPTION 

The Touch Pen is a low-cost data transporter that is 
battery powered for greater than one million touches or 
10 years. The data is read or written via a momentary 
probe of the TM. Collected data is then stored in the 
nonvolatile memory of the DSS001 microcontroller. The 
data collected from multiple TMs can then be uploaded 
to a PC running a data acquisition program. It is also 
possible to program the Pen so that it leaves additional 
data in the memories that it contacts. What additional 
information is deposited is dependent on what mission 
the Pen is given by specially programmed TM mission 
buttons. 


HARDWARE OVERVIEW 

The Pen consists of four integrated circuits and a few 
discrete components. The Pen also contains a female 
Touch Probe on one end and a male Touch Port (an 
empty tabbed MicroCan) on the other end to facilitate 
data transfer to and from memories and host PCs. 


When no data transfer is taking place, the Penis in avery 
low power, idle state. In this state only the DS1227 
Kickstarter is powered up. The Kickstarter will supply 
power to the rest of the Pen circuitry when a falling edge 
is detected on either RX! or ON1B, as shown in Figure 1. 
Both of these pins are pulled high via external pull-up 
resistors. A falling edge on RX! will occur when contact 
is made between the Pen and a TM. When contact 

is made, the TMsees the high voltage level on the probe's 
I/O line for a period not longer than 60 microseconds 
before driving the I/O tine low, asserting its presence 
detect signal. A falling edge on ON1B is produced by 


driving the I/O Port line high (this occurs when the host 
attempts to upload data from the Pen). This high voltage 
level turns on transistor Q1, pulling ON1B to ground 
through a very small resistance. 


READING TOUCH MEMORY DATA 

Once contact has been made with a TM and the DS 1227 
Kickstarter has powered up the DS5001, the Pen firm- 
ware issues a reset pulse to the I/O Probe line. If the TM 
is still in contact with the I/O line, it will issue its presence 
signal. Once this is complete the TM is ready to receive 
a command to allow its data to be read. The Pen sends 
this command and reads data from the TM. The Dallas 
certified firmware in the Pen requires the TM data to be 
in the form shown in Figure 2 and described in detail in the 
document, “DS199x Touch Memory Format And Proto- 
col Standards,” available from Dallas Semiconductor. 
After the data is read and checked for integrity via the 
CRC, it is stored in the nonvolatile SRAM of the 
microcontroller. The firmware in the Pen next reads the 
date and time information from the real time clock in the 
DS2404. This data is stored (as shown in Figure 3) in the 
nonvolatile SRAM immediately following the TM data 
record. Pen firmware supporting the multi-drop feature 
can read either individual TM or groups of TM connected 
together in parallel on the 1-wire bus. The first TMrecord 
that is successfully read will be copied into the secure 
memory of the DS2404 and its corresponding date/time 
stamp will be copied into the DS2404's scratchpad. This 
initializes the DS2404 for the uploading protocol. 


An attempted read of a TM may notbe completed for any 
of the following reasons: 


1. No presence detect pulse was issued by the TM. 
2. The length byte was invalid. 
3. The CRC was invalid. 
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BLOCK DIAGRAM FOR TOUCH PEN Figure 1 


4.7K 


DS3s092T == 


Figure 2 


CRCI6 || CRC 16 
q N BYTES OF DATA (high byte 


These uncompleted reads could be the result of either 

insufficient contact dwell with the reader or the use of an 
invalid data format when writing data to the TM. The 
above process is repeated until the data is read success- 
fully or 256 attempts have been made. This allows the 
user plenty of time to make good contact with the device. 
If the data is not read successfully within 256 attempts, 
itis most likely due to invalid data written in the TM. After 
completion of the data read procedure (whether suc- 
cessful or not), the DS5001 looks at the I/O Port line to 
see if an upload operation is being attempted. 


UPLOADING DATA FROM THE TOUCH PEN 

Before the I/O Port line is monitored, the RSTB line is 
brought ow (see figure 1). This allows an external signal 
to control the I/O line of the DS2404 by floating the drain 
of Q2. Ifthe Pen firmware detects activity on the I/O Port 
line, itmonitors that activity through pin 1.3 of the DS5001 
(see Figure 1). Once the I/O Port line remains high for 
about 1 millisecond, the RSTB pin is driven high by the 
DS5001, pulling the I/O line of the DS2404 to ground. 
This will allow the DS5001 to examine the contents of the 
DS2404's scratchpad via the 3-wire port while avoiding 
contention between the 1-wire and 3-wire ports. The 
scratchpad is checked for a null packet (00h FFh FFh). 
This is a data packet of the form shown in Figure 2, but 
with length 0. This null packetis written to the scratchpad 
of the DS2404 by the host, indicating that the contents 


10K 


DS98092R 
—— EMPTY 
~~ MicroCan 
= TABBED 


Figure 3 
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of the DS2404's secure memory (a TM record) and the 
contents of the scratchpad (the date/time at which that 
record was read) were successfully uploaded. If the 
scratchpad does not contain a null packet then the RSTB 
line is driven low and the I/O line will continue to be 
monitored. If anull packetis found in the scratchpad, the 
next TM record in the external RAM is written out to the 
secure memory of the DS2404. The date/time stamp is 
then written out to its scratchpad. Once the new records 
have been sent, the RSTB line is driven low to allow 1- 
wire transactions with the DS2404. The above process 
is repeated until either the I/O Port line remains high for 
over 40 milliseconds or the host has successfully read all 
of the TMrecords and date/time stamps in the nonvolatile 
SRAM. If the former occurs, the Pen firmware assumes 
the upload attempt has been aborted and instructs the 
kickstarter to remove Vcc. If all data was successfully 
read by the host, the DS5001 copies the null packetin the 
scratchpad of the DS2404 into secure memory page 0. 
This is an indication to the host that it has received all the 
data in the nonvolatile SRAM of the DS5001. The1/O line 
is then monitored until activity ceases on the line for 40 
milliseconds. The DS5001 then instructs the kickstarter 
to remove Vcc. Note that if for any reason the upload 
attempt is aborted, or contact with the host is lost for a 
long period of time, no data will be lost. Once the host 
resumes the upload attempt, the DS5001 will reawaken 
and the remaining data will be read. 


APPLICATION BRIEF 


TOUCH COM PORT ADAPTER 
(DS9097) 


DS9092GT —_ 


PROBE 


PURPOSE 

To provide a simple Touch Memory (TM) reader for PCs 
and other computers having an RS232C serial port 
capable of transmitting and receiving at 115,200 bits per 
second. 


DESCRIPTION 

The DS9097 Touch Serial Port Adapter is a simple, low- 
cost passive adapter circuit which performs RS232C 
level conversion, allowing a TM probe to be connected to 
aPCsothata TMcan be read and written. The serial port 
must support a data transmission rate of 115,200 bits/ 
second in order to form the 1-wire time slots correctly, 
even though the actual rate of data transmission to the 
TM is 14,400 bits/second. Nearly all PCs support the 
required bitrate and are fully compatible with the DS9097. 
A selection of software examples illustrating how to 
communicate with TM using the DS9097 is provided in 
the DS9092K Touch Memory Starter Kit, available from 
Dallas Semiconductor. 


OPERATION 
Acircuit diagram of the DS9097 is shown in Figure 1. The 
DS98097 modifies the standard RS232C communication 


YW DS9097 
IBM PC 
COM PORT 
ADAPTER 


signals in three ways to enable communication with TM 
devices: 


1. The separate RxD (receive) and TxD (transmit) 
signal lines are coupled together to produce a 1- wire 
signal line. 


2. Schottky and zener diodes are used to clamp the 
RS232C voltages to values between zero and six 
volts, making them compatible with TM. The diodes 
also afford a measure of ESD protection. 


3. Since the polarity of the signal on the combined RxD 
and TxD lines is inverted, a power supply is created 
with diodes and connected to Data, and the inverted 
1-wire signal line is connected to Ground. 


The above modifications of the RS232C signals are 
accomplished without the use of active logic circuitry. In 
order to generate the time slots required by the TM I/O 
protocol, the 8250 UART, which controls the serial port 
in a PC, is set for its maximum communication rate of 
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DS9097 COM PORT ADAPTOR SCHEMATIC Figure 1 


115,200 bits per second. At this rate, the period of a 
single bit is 8.68 microseconds. Seven RS232C bit 
periods produce an interval of 60.76 microseconds, 
which is very near the 60 microsecond minimum allowed 
time for transmitting or receiving a single bit on the 1-wire 
bus. This interval can be achieved by setting the UART 
to transmit or receive six data bits, which together with 
the startbit produce the 60.76 microsecond time interval. 
Therefore, each character sent or received by the UART 
corresponds to a single bit of 1-wire data. The PC serial 
port is thus capable of communicating 1-wire data at 
14,400 bits per second. 


A write-one time slot is generated by transmitting a 
character consisting of all ones to the serial port. This 
causes an 8.68 microsecond start bit, followed by six 
“one” data bits lasting 52.08 microseconds. This satis- 
fies the requirements for a write-one time slot, which 
consists of alow pulse lasting not more than 15 microsec- 
onds at the beginning of a total time window lasting not 
less than 60 microseconds. The write-zero time slot is 
generated by transmitting a null character to the serial 
port. This causes a start bit and six “zero” data bits to be 
transmitted, producing a low pulse lasting 60.76 micro- 
seconds. This satisfies the requirement that a write-zero 
time slot consist of a low pulse lasting a minimum of 60 
microseconds. The read time slot is produced by trans- 
mitting a write-one time slotand then examining the least 
significant bit of the character thatis received. The UART 


samples the least significant bit of the received character 
one and one-haif bit periods after the falling edge of the 
start bit, or 13.02 microseconds. This satisfies the 
requirement for a read time slot that the data be sampled 
within 15 microseconds of the beginning of the time slot. 
The 8.68 microsecond stop bit insures that the require- 
ment for a one microsecond minimum idle time between 
write-zero time slots is satisfied. The 1-wire reset signal 
is produced by temporarily programming the UART fora 
lower bitrate to allow generation of the two 480 microsec- 
ond periods. 


Hardware interrupts are supported by this interface, 
since the presence pulse produces alow on the received 
data line which is interpreted by the UART as areceived 
character. If the received character interrupt on the 
UART is enabled, the presence pulse will cause an 
interrupt service procedure to be invoked. This proce- 
dure then issues a reset pulse to the TM followed by the 
command bytes to perform the standard I/O functions 
supported by the 1-wire protocol. The advantage of 
using the hardware interrupt feature is that it is not 
necessary to poll the 1-wire bus continuously looking for 
a TM. The only time that the foreground process is 
interrupted is when a TM makes contact with the probe. — 
This allows more efficient operation, since the fore- 
ground process executes 100 percent of the time while 
waiting for a TM to contact the probe. 


APPLICATION BRIEF 


- TOUCH KEYBOARD 


PURPOSE 
To allow Touch Memory (TM) to substitute for keystroke 
data entry with existing PC programs. 


DESCRIPTION 

The Touch Keyboard was developed by Dallas Semi- 
conductor with the cooperation of Keytronics Corpora- 
tion, a leading manufacturer of PC keyboards. A stan- 
dard, high-volume PC keyboard is converted for use with 
TMby replacing the standard keyboard control micropro- 
cessor with a specially programmed DS5000 (8051) 
microprocessor, and by connecting a TM probe to the 
port pin that controls the Scroll Lock LED. The modified 
keyboard control firmware polls the probe for the pres- 
ence of TM while scanning the keyboard for keystrokes. 
When a TM is detected, the control firmware reads and 
checks the CRC of the unique lasered serial number and 
identifies the device type by the family code. If the TMis 
a DS1990 Silicon Serial Number, the firmware converts 


the serial number to a hexadecimal character string, 
which it then converts to scan codes and transmits to the 
PC. If the TM contains nonvolatile RAM, the firmware 
attempts to read a CRC 16 validated string from the TM. 
If the string is found to be valid, the characters of the string 
are converted to scan codes and transmitted to the PC, 
just as if the character string had been typed at the 
keyboard. The activity on the 1-wire data line can be 
monitored visually on the Scroll Lock LED, and the Num 
Lock LEDis programmed to blink whenever a successful 
read has been completed. 


Both upper and lower case characters and control char- 
acters can be read from the TMand transmitted correctly 
to the PC. In addition, a set of character codes has been 
defined in the range of 183 - 208 to allow for the transmis- 
sion of keyboard codes having no corresponding ASCII 
equivalents. The assigned correspondence is listed as 
follows: 


45 


46 


Character Key 
Dec Hex Symbol 


ScrollLock 
Fi 
F2 
F3 
F4 
FS 
F6 
F7 
F8 
FO 
F10 
Ft 
Fi2 


The Touch Keyboard allows TM to substitute directly for 
keystrokes, so that data entry can be automated without 
modifying existing data collection programs. All that is 
needed is to program the TM with the same keystrokes 
thatwould be used to enter the datamanually. The Touch 
Keyboard offers the additional advantage of not consum- 
ing an existing hardware resource of the PC, such.as a 


serial port. 


Permissable formats and CRC 16 validation techniques 
are described in the documents entitled “DS199x Touch 


LRArrow oD 
PrtScr 7C 
Home 6C 
UpArrow 75 
PgUp 7D 
LeftArrow 6B 
RightArrow 74 
End 69 
DownArrow 72 
PgDn 7A 
Ins 70 
Del- 71 
NumLock 77 


Memory Format and Protocol Standards” and “Using 
Cyclic Redundancy Checks with Touch Memory " 
available from Dallas Semiconductor. 


The control firmware in the keyboard could also be 
designed to allow writing of TM data as well as reading. 
In this mode of operation, the PC would transmit to the 
keyboard the data to be written, and the keyboard would 
store the data and write it into the next TM placed in 
contact with the probe. 


KEYTRONICS 101 RETROFIT (Mode! E03G00QEMI) 


1. Replace 8051 with DS5000 
a. Pin-for-pin compatible 
b. Includes 2Kx8 or 26Kx8 buffer SRAM 


KEYBOARD MATRIX 


(Intemal pullup) 


DS5000 with 
Touch Keyboard 


2. Mount and connect DS9092T Touch Probe to LED 
port pin (Touch shared with Scroll Lock LED). 


TOUCH 


@— ADDED WIRE 


PORT PIN 


APPLICATION BRIEF 


TELESERVICED TOUCH 


0 DS2249 PHANTOM DAA SIPSTIK 6 


DS2244T TELEMICRO SIPSTIK 


TELEPHONE 
LINE 1200 / 2400 BPS 
+5 Volts DC 


DS1275 


OPTIONAL 
PRINTER 
INTERFACE 


PARALLEL B MOUNT 
paoas PRINTER PORT YW WAN POWER 
: ae SUPPLY 
PHONO ae TOUCH TRI-COLOR ~— POWER 
JACK PROBE wer tas BUZZER ONLED 
RED- PROBLEM 
YELLOW- TRANSFER IN PROGRESS 
GREEN- TRANSFER COMPLETE 
PURPOSE 


To demonstrate software and hardware for reading a Software for the TeleServicer benefits from the use of the 
Touch Pen or Touch Memory (TM) and forwarding the DS0065 TeleMicro Interface System. 
data over a telephone modem communication link to a 


remote computer (host). The DS0065 TeleMicro Interface system greatly simplifies 
software design for the DS2244T. The modem connect 
DESCRIPTION handshake logic is managed automatically, allowing the 


A system for reading the Touch Pen and transmitting user to concentrate on issues that are unique to the 
the contents over the phone line (TeleServicer) can be application. A multi-tasking core allows the modem con- 
constructed using the following hardware: nection to proceed while consuming a minimum of system 
resources. 
DS2244T TeleMicro Stik 
DS2249PH Phantom DAA Stik Together the above provide a powerful set of tools for 
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TRANSFER 
IN PROGRESS 


DS2244T 
TeleMicro 


Bae 


See 


a2 


= DALLAS 1-WIRE BUS. 


DS2249PH |PHONE LINE| MODEM 


(TOUCH PEN, TOUCH MEMORY, ETC.) 


construction of a reliable and cost-effective system for 
collection of the required data. Any host computer with a 
modem and suitable communication software can be 
used to collect and store the data received from the 
remote sites. After a connection is established the host 
system and the TeleServicer handshake to detect and 
correct errors on the phone line. A CRC16 calculation 
routine is provided in the DSO065 package. 


OPERATION 
TM, or a Touch Pen containing data from multiple TM, is 
contacted to the TeleServicer's Probe. The contents of 


the Pen are copied automatically to the TeleServicer and 
then transmitted over the phone line toa hostsystem with 
a modem. If the Pen contains more than the DS2244T 
memory can hold, the Pen should remain in the reader for 
a brief period until enough datais sent to the host system 
to permit removal of the Pen. The status of the transfer 
is indicated by LEDs. If the connection is lost before the 
transfer is complete then the TeleServicer will call the 
host again. This process is repeated until an error-free 
transfer is acknowledged by the host. 


APPLICATION BRIEF 


TOUCH MEMORY COMMUNICATION WITH THE 


PSION ORGANISER II, MODEL L264 


et 
INTERFACE 
BOX 


PURPOSE 

To permit the collection, display, editing, and redistribu- 
tion of Touch Memory (TM) data with a compact hand- 
held instrument having both a keypad and a display. 


DESCRIPTION 

The Psion Organiser II is a battery-powered hand-held 
computer with a keyboard and LCD display, capable of 
storing and retrieving many different kinds of information. 
The Organiser operating system provides data file man- 
agement resources and a convenient high-level pro- 
gramming language known as Organiser Programming 
Language (OPL) which is similar to Basic. TM data can 
be read or written by an Organiser using the Easy Touch 
interface shown in Figure 1 and a set of subroutines 
written in machine language which can be called from 
OPL. The subroutine package allows an OPL program- 
mer to perform the basic Reset/Presence and Byte 1/O 
functions that are required to communicate with indi- 
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vidual TM. Amore comprehensive subroutine package 
has also been designed to allow communication with 
multiple memories connected together in parallel (multi- 
drop). 


Dallas Semiconductor has prepared a set of program- 
ming examples for the Psion Organiser Model LZ or LZ64 
which demonstrate how to communicate efficiently and 
without errors on the 1-wire bus. The programs demon- 
strate TM reading, writing, logging, date/time stamping, 
and uploading of accumulated data to a PC. The ex- 
amples are provided on a diskette along with program 
documentation and data format standards developed by 
Dallas Semiconductor to insure TM data integrity and 
format compatibility between different application pro- 
grams. The programming examples can be loaded into 
the Organiser from a PC with the COMMS Link serial 
communication accessory available from Psion. 
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INTERFACE BOX CONNECTIONS Figure 1 
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APPLICATION BRIEF 


TOUCH INJECTOR FOR RS232C 


PURPOSE 

To allow use of Touch Memory (TM) with a remote 
terminal connected to a central computer by means of an 
RS232C communication link. 


DESCRIPTION 

The Touch RS232C Data Injector is a microprocessor- 
controlled interface which allows the data read from aTM 
to be injected into an RS232C data link between a central 
computer and a remotely located “dumb terminal” such 
as a VT220. Conversely, data can be transmitted from 
the remote computer, captured by the Data Injector, and 
written into a TM. In prototype form, the Data Injector is 
housed in a DS9005 enclosure and powered by a wall 
mount power supply connected to an AC outlet. The Data 
Injector contains a DS2250 microcontroller Stik and logic 
for RS232C voltage level conversion and communica- 
tion path switching. The DS2250 is programmed tosend 


CIRCUIT DIAGRAM Figure 1 


and receive serial data on the RS232C data link, and it 
normally receives serial data from the remote terminal 
and retransmits it serially to the central computer. It also 
continuously polls for and reads CRC16 validated data 
from a TM. If the data is valid, it is injected into the 
RS232C serial data stream as if it had been typed on the 
remote terminal. The microprocessor provides a large 
memory buffer to permit the injection of a large amount 
of TM data. The communication path in the Data Injector 
can be switched so that data is received by the injector 
from the central computer and retransmitted serially to 
the remote terminal. In this mode, specially coded data 
received from the central computer is buffered and 
stored in the DS2250. This stored data will then be written 
into the next TM that comes into contact with the probe. 
Contact Dallas Semiconductor for software which canbe 
used in the Data Injector. 
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APPLICATION NOTE 


| APPLICATION NOTE 27 


DALLAS 


SEMICONDUCTOR 


Using Cyclic Redundancy Checks 


with Touch Memory 


INTRODUCTION 

The Dallas Semiconductor Touch Memory products are 
a family of devices that all communicate over a single 
wire following a specific command sequence referred to 
as the one-wire Protocol. (The One-Wire Protocol is de- 
scribed in detail in the Dallas Semiconductor 1991 Auto- 
matic Identification Data Book.) A key feature of each 
device is a unique 8-byte ROM code written into each 
part at the time of manufacture by Dallas Semiconduc- 
tor. The components of this 8-byte code can be seen in 
Figure 1. The least significant byte contains a family 
code that identifies the type of Touch Memory product. 
For example, the DS1990 has a family code of 01 Hex 
and the DS1991 has a family code of 02 Hex. Since mul- 
tiple devices of the same or different family types can re- 
side on the same one-wire bus simultaneously (an ex- 
ception is that only one DS1990 can be present in any 
multiple device network), itis important for the host to be 
able to determine how to properly access each of the 
devices that it locates on the one-wire bus. The family 
code provides this information. The next six bytes con- 
tain a unique serial number that allows multiple devices 
within the same family code to be distinguished from 
each other. This unique serial number can be thought of 
as an “address” for each device on the one-wire bus. 
The entire collection of devices plus the host form a type 
of miniature local area network, or “Micro-LAN”; they all 
communicate over the single common wire. The most 
significant byte in the ROM code of each device con- 
tains a Cyclic Redundancy Check (CRC) value based 
on the previous seven bytes of data for that part. When 
the host system begins communication with a device, 
the 8-byte ROM is read, LSB first. Ifthe CRC thatis cal- 
culated by the host agrees with the CRC contained in 


byte 7 of ROM data, the communication can be consid- 
ered valid. If this is not the case, an error has occurred 
and the ROM code should be read again. Note, howev- 
er, that itis NOT absolutely necessary for the calculated 
CRC at the host and the ROM CRC to agree. This error 
condition could be ignored and the host may proceed. 
There are no hardware interlocks that prevent the com- 
munication to the Touch Memory devices from continu- 
ing if the two values do not match. 


Some of the Touch Memory products have up to 512 by- 
tes of RAM in addition to the eight bytes of ROM thatcan 
be accessed by the host system with appropriate com- 
mands. Although the Touch Memories do not have CRC 
hardware onboard, if the host has the capability to cal- 
culate a CRC value for the ROM codes, then a proce- 
dure to store and retrieve data in the RAM portion of the 
devices using CRCs can also be developed. Data can 
be written to the device in the normal manner; then a 
CRC value that has been calculated by the host is ap- 
pended and stored with the data. When this data is re- 
trieved from the Touch Memory, the process is reversed. 
The host compares the CRC value that was computed 
for the data bytes to the value stored in memory as the 
CRC for that data. If the values are equal, the data read 
from the Touch Memory can be considered valid. In or- 
der to take advantage of the power of CRCs to validate 
the serial communication on the one-wire bus, an un- 
derstanding of what a CRC is and how they work is nec- 
essary. In addition, a practical method for calculation of 
the CRC values by the host will be required for either a 
hardware or software implementation. 


A SY 
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APPLICATION NOTE 


TOUCH MEMORY SYSTEM CONFIGURATION USING DOW CRC Figure 1 


Dallas Semiconductor 
One-Wire Device 
DS199x 


The CRC (Byte 7 has been computed for the data contained 
In Byte 0 through Byte 6 and the value has been written Into 
Byte 7 for each Dallas Semiconductor one-wire device. 


BACKGROUND 

Serial data can be checked for errors in a variety of 
ways. One common way is to include an additional bit in 
each packet being checked that will indicate if an error 
has occurred. For packets of 8-bit ASCII characters, for 
example, an extra bit is appended to each ASCII char- 
acter that indicates if the character contains errors. Sup- 
pose the data consisted of a bit string of 11010001. A 
ninth bit would be appended so that the total number of 
bits that are 1’s is always an odd number Thus, a 1 
would be appended and the data packet would become 
111010001. The underlined character indicates the par- 
ity bit value required to make the complete 9-bit packet 
have an odd number of bits. If the received data was 
11101000 1, then it would be assumed that the informa- 
tion was correct. If, however, the data received was 
111010101, where the 7th bit from the left has been in- 
correctly received, the total number of 1's is no longer 
odd and an error condition has been detected and ap- 
propriate action would be taken. This type of scheme is 
called odd parity. Similarly, the total number of 1’s could 
also be chosen to always be equal to an even number, 
thus the term even parity. This scheme is limited to de- 
tecting an odd number of bit errors, however. In the ex- 
ample above, if the data was corrupted and became 
111011101 where both the 6th and 7th bits from the left 
were wrong, the parity check appears correct; yet the er- 
ror would go undetected whether even or odd parity was 
used. 
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CRC CALCULATOR 


If CRC vaiue that Is computed for the first 
56 data bite of the ROM code agrees with 
CRC value contained In Byte 7 of ROM 
code, continue reading data. Otherwise, 
the ROM should be reread. 


BI-DIRECTIONAL I/O 
PORT 


DESCRIPTION 


Dallas Semiconductor One-Wire CRC 

The error detection scheme most effective at locating 
errors in a serial data stream with a minimal amount of 
hardware is the Cyclic Redundancy Check (CRC). The 
operation and properties of the CRC function used in 
Dallas Semiconductor products will be presented with- 
out going into the mathematical details of proving the 
statements and descriptions. The mathematical con- 
cepts behind the properties of the CRC are described in 
detailinthe references. The CRC canbe most easily un- 
derstood by considering the function as it would actually 
be built in hardware, usually represented as a shift reg- 
ister arrangement with feedback as shown in Figure 2. 
Alternatively, the CRC is sometimes referred to as a 
polynomial expression in a dummy variable X, with 
binary coefficients for each of the terms. The coeffi- 
cients correspond directly to the feedback paths shown 
in the shift register implementation. The number of 
stages in the shift register for the hardware description, 
or the highest order coefficient present in the polynomial 
expression, indicate the magnitude of the CRC value 
that will be computed. CRC codes that are commonly 
used in digital data communications include the 
CRC-16 and the CRC-CCITT , each of which computes 
a 16-bit CRC value. The Dallas Semiconductor one- 
wire CRC (DOW CRC) magnitude is eight bits, which is 
used for checking the 64-bit ROM code written into 


53 


- each one-wire product. This ROM code consists of an 
8-bit family code written into the least significant byte, a 
unique 48-bit serial number written into the next six by- 
tes, and a CRC value that is computed based on the pre- 
ceding 56 bits of ROM and then written into the most sig- 
nificant byte. The location of the feedback paths 
represented by the exclusive-or gates in Figure 2, orthe 
presence of coefficients in the polynomial expression, 
determine the properties of the CRC and the ability of 
the algorithm to locate certain types of errors in the data. 
For the DOW CRC, the types of errors that are detect- 
able are: 


1. Any odd number of errors anywhere within the 
64-bit number. 


2. All double-bit errors anywhere within the 64-bit 
number. 


3. Any cluster of errors that can be contained within 
an 8-bit “window’" (1-8 bits incorrect). 


4. Most larger.clusters of errors. 


The input data is Exclusive-Or’d with the output of the 
eighth stage of the shift register in Figure 2. The shift 
register may be considered mathematically as a divid- 
ing circuit. The input data is the dividend, and the shift 
register with feedback acts as a divisor. The resulting 
quotientis discarded, andthe remainder is the CRC val- 
uo for that particular stream of input data, which resides 
inthe shift register after the last data bit has been shifted 
in. From the shift register implementation it is obvious 
that the final result (CRC value) is dependent, in a very 
complex way, on the past history of the bits presented. 
Therefore, it would take an extremely rare combination 
of errors to escape detection by this method. 


DALLAS ONE-WIRE 8-BIT CRC Figure 2 


APPLICATION NOTE 


The example in Figure 3 calculates the CRC value after 
each data bit is presented. The shift register circuit is al- 
ways reset to 0's at the start of the calculation. The com- 
putation begins with the LSB of the 64-bit ROM, which is 
the 02 Hex family code in this example. After all 56 data 
bits (serial number + family code) are input, the value 
that is contained in the shift register is A2 Hex, which is 
the DOW CRC value for that input stream. If the CRC 
value which has been calculated (A2 Hex in this exam- 
ple), is now used as input to the shift register for the next 
eight bits of data, the final result in the shift register after 
the entire 64 bits of data have been entered should be all 
0's. This property is always true forthe DOW CRC algo- 
rithm. If any 8-bit value that appears in the shift register 
is also used as the next eight bits in the input stream, 
then the result that appears in the shift register after the 
8th data bit has been shifted in is always 00 Hex. This 
can be explained by observing that the contents of the 
8th stage of the shift register is always equal to the in- 
coming data bit, making the output of the EXOR gate 
controlling the feedback and the next state value of the 
first stage of the shift register always equal to a logic 0. 
This causes the shift register to simply shift in 0’s from 
left to right as each data bit is presented, until the entire 
register is filled with 0’s after the 8th bit. The structure of 
the Dallas Semiconductor one-wire 64-bit ROM uses 


__ this property to simplify the hardware design of a device 


used to read the ROM. The shift register in the host is 
cleared and then the 64 ROMbits are read, including the 
CRC value. If a correct read has occurred, the shift reg- 
ister is again all 0's which is an easy condition to detect. 
if anon-zero value remains in the shift register, the read 
operation must be repeated. 


Polynomial = X® + X5 + X4 + 1 


3RD 
STAGE 
x2 


xo xt x3 


ye LI 
x4 


xs xé x? x8 
INPUT DATA 
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Until now, the discussion has centered around a hard- 
ware representation of the CRC process, but clearly a 
software solution that parallels the hardware methodol- 
ogy is another means of computing the DOW CRC val- 
ues. An example of how to code the procedure is given 
in Table 1. Notice that the XRL (exclusive or) of the A 
register with the constant 18 Hex is due to the presence 
of the EXOR feedback gates in the DOW CRC after the 
fourth and fifth stages as shown in Figure 2. An alterna- 
tive software solution is to simply build a lookup table 
that is accessed directly for any 8-bit value currently 
stored in the CRC register and any 8-bit pattern of new 
data. For the simple case where the current value of the 
CRC register is 00 Hex, the 256 different bit combina- 
tions for the input byte can be evaluated and stored ina 
matrix, where the index tothe matrixis equal to the value 
of the input byte (i.e., the index will be | = 0-255). It can 
be shown that if the current value of the CRC register is 
not 00 Hex, then for any current CRC value and any in- 
put byte, the lookup table values would be the same as 
for the simplified case, but the computation of the index 
into the table would take the form of: 


New CRC = Table [I] for l=0 to 255; 
where | = (Current CRC) EXOR (Input byte) 


ASSEMBLY LANGUAGE PROCEDURE Table 1 


For the case where the current CRC register value is 00 
Hex, the equation reduces to the simple case. This se- 
cond approach can reduce computation time since the 
operation can be done on a byte basis, rather than the 
bit-oriented commands of the previous example. There 
is a memory capacity tradeoff, however, since the look- 
up table must be stored and will consume 256 bytes 
compared to virtually no storage forthe first example ex- 
cept for the program code. An example of this type of 
code is shown in Table 2. Figure 4 shows the previous 
example repeated using the lookup table approach. 
Two properties of the DOW CRC can be helpful in de- 
bugging code used to calculate the CRC values. The 
first property has already been mentioned for the hard- 
ware implementation. If the current value of the CRC 
register is used as the next byte of data, the resulting 
CRC value will always be 00 Hex (see explanation 
above). A second property that can be used to confirm 
proper operation of the code is to enter the 1's comple- 
ment of the current value of the CRC register. For the 
DOW CRC algorithm, the resulting CRC value will al- 
ways be 35 Hex, or 53 Decimal. The reason for this can 
be explained by observing the operation of the CRC reg- 
istor'as the 1's complement data is entered, as shownin 
Figure 5. 


DO_CRC: PUSH ACC ssave accumulator 
PUSH B ssave the B register 
PUSH ACC ssave bits to be shifted 
MOV _ B,#8 sset shift = 8 bits ; 

CRC_LOOP: XRL A,CRC calculate CRC 
RRC A ;move it to the carry 
MOV A,CRC ;get the last CRC value 
INC ZERO skip if data = 0 
XRL A,#18H ;update the CRC value 

ZERO: RRC A sposition the new CRC 
MOV CRC,A store the new CRC 
POP ACC ‘;get the remaining bits 
RR A ;position the next bit 
PUSH ACC ssave the remaining bits 
DJNZ B,CRC_LOOP ;repeat for eight bits 
POP ACC ;clean up the stack 
POP B ;restore the B register 
POP ACC srestore the accumulator 
RET 
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EXAMPLE CALCULATION FOR DOW CRC Figure 3 
Complete 64-Bit One-Wire ROM Code: A2 00 00 00 01 BS 1C 02 


Family Code: 0 2 Hex 
0000 0010 Binary 


Serial Number: ) re) 7) 0 1) 1) ) 1 B 8 1 Cc Hex 
0000 0000 0000 0000 0000 0000 0000 0001 1011 1000 0001 1100 Binary 


CRC VALUE INPUT VALUE 
00000000 
00000000 
10001100 
01000110 
00100011 
10011101 
11000010 
01100001 
10111100 
01011110 
00101111 
00010111 
00001011 
00000101 
10001110 
01000111 
10101111 
11011011 
11100001 
11111100 
11110010 
11110101 
01111010 
00111101 
00011110 
10000011 
11001101 
11101010 
01110101 
10110110 
01011011 
10100001 
11011100 
01101110 
00110111 
10010111 
11000111 
11101111 
11111011 
11110001 
11110100 
01111010 
00111101 
10010010 
01001001 
10101000 
01010100 
00101010 
00010101 
10000110 
01000111 
10101101 
11011010 
01101101 
10111010 
01011101 


10100010 = A2 Hex = GRC Value for [00000001 B81C (Serial Number) + 02 (Family Code)] 


° 


0 


eo0o0o000o0o00oo0oo0o0odooe0ecoecoeoecoceeocooeoeoecoooo$0-4]—000000-=]-0090 00000-9090 
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CRC VALUE INPUT VALUE 
10100010 
01010001 
00101000 
00010100 


00000001 
00000000 = 00 Hex = CRC Value for A2 [(CRC) + 00000001B81C (Serial Number) + 02 (Family Code)} 


DOW CRC LOOKUP FUNCTION Table 2 


Var 

CRC: Byte; 
Procedure Do_CRC(X: Byte); 
{ 


This procedure calculates the cumulative Dallas Semiconductor one-wire CRC of all bytes passed to it. The result 
accumulates in the global variable CRC. 
} 
Const 

Table : Array[0..255] of Byte = ( 


0, 94, 188, 226, 97, 63, 221, 131, 194, 156, 126, 32, 163, 253, 31, 65, 
157, 195, 33, 127, 252, 162, 64, 30, 95, 1, 227, 189, 62, 96, 130, 220, 
35, 125, 159, 193, 66, 28, 254, 160, 225, 191, 93, 3, 128, 222, 60, 98, 
190, 224, 2, 92, 223, 129, 99, 61, 124, 34, 192, 158, 29, 67, 161, 255, 
70, 2A, 250, 164, 39, 121, 155, 197, 132, 218, 56, 102, 229, 187, 89, 7, 
219, 133, 103, 57, 186, 228, 6, 88, 25, 71, 165, 251, 120, 38, 196, 154, 
101, 59, 217, 135, 4, 90, 184, 230, 167, 249, 27, 69, 198, 152, 122, 36, 
248, 166, 68, 26, 153, 199, 37, 123, 58, 100, 134, 216, 91, 5, 231, 185, 
140, 210, 48, 110, 237, 179, 81, 15, 78, 16, 242, 172, 47, 113, 147, 205, 
17, 79, 173, 243, 112, 46, 204, 146, 211, 141, 111, 49, 178, 236, 14, 80, 
175, 241, 19, 77, 206, 144, 114, 44, 109, 51, 209, 143, 12, 82, 176, 238, 
50, 108, 142, 208,, 83, 13, 239, 177, 240, 174, 76, 18, 145, 207, 45, 115, 
202, 148, 118, 40, 171, 245, 23, 73, 8, 86, 180, 234, 105, 55, 213, 139, 
87, 9, 235, 181, 54, 104, 138, 212, 149, 203, 41, 119, 244, 170, 72, 22, 
233, 183, 85, 11, 136, 214, 52, 106, 43, 117, 151, 201, 74, 20, 246, 168, 
116, 42, 200, 150, 21, 75, 169, 247, 182, 232, 10, 84, 215, 137, 107, 53); 

Begin 

CRC := Table[CRC xor X]; 
End; 
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TABLE LOOKUP METHOD FOR COMPUTING DOW CRC Figure 4 


Current CRC Input Data New Index 
Value (= Current (= Current CRC xor 
Table Index) Input Data) 


0000 0000 = 00 Hex | 0000 0010 = 02 Hex (00 H xor 02 H) = Table[2]= 1011 1100 = BC Hex = 188 Dec 
02 Hex = 2 Dec 


Table (New Index) 
(= New CRC Value) 
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1011 1100 = BC Hex | 0001 1100 = 1C Hex 


0001 1110 = 1E Hex | 0000 0001 = 01 Hex (1E H xor 01 H) = 
1 F Hex = 31 Dec 
1101 1100 = DC Hex | 0000 0000 = 00 Hex (DC H xor 00 H) = Table[220]= 1111 0100 = F4 Hex = 244 Dec 
DC Hex = 220 Dec 
11110100 = F4 Hex 0000 0000 = 00 Hex (F4 H xor 00 H) = Table [244]= 0001 0101 = 15 Hex = 21 Dec 
F4 Hex = 244 Dec 
0001 0101 = 15 Hex | 0000 0000 = 00 Hex (15 H xor 00 H) = Table[21}= 1010 0010 = A2 Hex = 162 Dec 
15 Hex = 21 Dec 


1010 0010 = A2 Hex | 10100010 = A2 Hex 


(BC H xor 10 H) = 
AO Hex = 160 Dec 


1010 1111 = AF Hex | 1011 1000 = BS Hex (AF H xor B8 H) = 
17 Hex = 23 Dec 


(A2 H xor A2 H) = 
Hex = 0 Dec 


Table[160]= 1010 1111 = AF Hex = 175 Dec 
Table[23]= 0001 1110 = 1E Hex = 30 Dec 


Table[31}= 1101 110 = DC Hex = 220 Dec 


Table[0}=0000 0000 = 00 Hex = 0 Dec 


CRC REGISTER COMBINED WITH 1’S COMPLEMENT OF CRC REGISTER Figure 5 


CRC Register Value Input 

Xo X Xp Xye Xq Xse Xe Xz X7* 
1 Xo XX Xp Xg* Xq* Xp Xe Xe" 
1 1 Xo XX Xe" Xess g™ XK CX" 
1 1 1 Xo X* Xo* Xg Xa" ‘ 
0 1 1 1 Xo Xy* Xo Xg_ Xa" 
1 0 1 1 0 X0* X1* X2 X2* 
1 1 0 1 0 1 X0* X1* X1* 
0 1 1 0 1 0 1 X0* X0* 
0 0 1 1 0 ] 0 1 

Note: X;" = Complement of Xi 


CRC-16 COMPUTATION FOR RAM 
RECORDS IN TOUCH MEMORIES 

As mentioned in the introduction, some Touch Memory 
devices have RAM in addition to the unique 8-byte ROM 
code found in all Touch Memories. The largest amount 
of RAM currently available is 512 bytes, found in the 
DS1993 and DS1494/DS1994. Because the amount of 
data stored in RAM can be large compared to the 8-byte 
ROM code, Dallas Semiconductor recommends using a 
16-bit CRC value to ensure the integrity of the data, 
rather than the 8-bit DOW CRC used for the ROM. The 
particular CRC suggested is commonly referred to as 


Final CRC Value = 35 Hex, 53 Decimal 


CRC-16. The shift register and polynomial representa- 
tions are given in Figure 6. The figure shows that for a 
16-bit CRC, the shift register will contain 16 stages and 
the polynomial expression will have a term of the six- 
teenth order. As stated previously, the Touch Memory 
devices do not calculate the CRC values. The host must 
generate the value and then append the 16-bit CRC val- 
ue tothe end of the actual data. Due to the uncertainty of 
the Touch Memory’s “communication channel”, i.e. the 
two metal contact surfaces, data transfers can experi- 
ence errors that generally fall into three categories. 
First, brief intermittent connections can cause small 
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numbers of bit errors to occur in the data, which the nor- 
mal CRC-16 function is designed to detect. The second 
type of error occurs when contact is lost altogether, for 
example when the Touch Memory is removed from the 
reader too quickly. This causes the last portion of the 
data to be read as logic 1's, since no connection to a 
Touch Memory will be interpreted as all 1's by the host. 
The normal CRC-16 function can also detect this condi- 
tion under most circumstances. The third type of error is 
generated by a short circuit across the reader, which 
can be caused by a Touch Memory that is not inserted 
correctly, or tilted significantly once in the reader. A short 
at the reader causes the data to be read as all 0's by the 
host. When using CRCs, this can cause problems, 
since the method to determine the validity of the data is 
to read the data plus the stored CRC value, and see if 
the resulting CRC computed at the host is 0000 Hex (for 
a 16-bit CRC.) If the reader was shorted, the data plus 
the CRC value stored with the data will be read as all0’s, 
and a false read will have occurred, but the CRC com- 
puted by the host will incorrectly indicate a valid read. In 
order to avoid this situation, Dallas Semiconductor rec- 
ommends storing the complement of the computed 
CRC-16 value (CRC-16*) with the data that is written 
into the RAM. Using an uncomplemented CRC-16 val- 
ue, the retrieval of data from the Touch Memory is simi- 
lar to the DOW CRC case. That is, ifthe CRC register in 
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the host is initialized to 0000 Hex and then all of the data 
plus the CRC-16 value stored with the data is read from 
the Touch Memory, the resulting calculation by the host 
should have a 0000 Hex, as a final result. If instead, the 
complement of the CRC-16 value is stored with thedata 
in the Touch Memory, then the CRC register at the host 
is initialized to 0000 Hex and the actual data plus the 
stored CRC-16* value is read. The resultant CRC value 
should be B001 Hex for a valid read. This greatly im- 
proves the operation of the system, since it can nolong- 
er be fooled by a short at the reader. The reason that the 
CRC-16 function has these properties can be shown in 
an analogous manner to the DOW CRC case (see Fig- 
ures 3 and 5). The operation of the 16-bit CRC is identi- 
cal in theory to the 8 bit version described earlier, but the 
properties of the CRC change since a 16-bit value is 
now available for error detection. For the CRC-16 func- 
tion, the types of errors that are detectable are: 


1. Any odd number of errors anywhere within the data 
record. 


2. All double-bit errors anywhere within the data re- 
cord. 

3. Any cluster of errors that can be contained within a 
16-bit “window” (1-16-bits incorrect). 

4. Most larger clusters of errors. 
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CRC-16 HARDWARE DESCRIPTION AND POLYNOMIAL Figure 6 


Polynomial = X16 + X15 4. X2 + 1 


9TH 11TH 12TH 
STAGE STAGE [™] STAGE 
x? 0 1 X 


x! x! 


The hardware implementation of the CRC-16 function is 
straightforward from the description given in Figure 6. 
Table 3 shows a software solution that is analogous to 
the hardware operations which compute the CRC-16 
values using single-bit operations. As before, a less 
computation-intensive software solution can be devel- 
oped through the use of a lookup table. The basic con- 
cepts presented for the 8 bit DOW CRC lookup table 
also work for the CRC-16 case. A slight modification in 
procedure from the 8-bit case is required, however, be- 
cause if the entire 16-bit result for the CRC-16 function 
were mapped into one table as before, the table would 
have 2'§ or 65536 entries. A different approach is 
shown in Table 4, where the 16-bit CRC values are com- 
puted and stored in two 256-entry tables, one containing 
the high order byte and the other the low order byte of 
the resultant CRC. For any current 16-bit CRC value, 
expressed as Current_CRC16_Hi for the current high 
order byte and Current_CRC16_Lo for the current low 


3RD 4TH 5TH 6TH 
xe x3 x4 x6 xé 


13TH 14TH 
[ee] Fe 
2 13 14 x 


15 x6 


INPUT DATA 


order byte, and any new input byte, the equation to de- 
termine the index into the high order byte table for 
locating the new high order byte CRC value 
(New_CRC16_Hi) is given as: 


New_CRC16_Hi = CRC16_Tabhi[l] for l=0 to 255; 
where | = (Current_CRC16_Lo) EXOR (Input byte) 


The equation to determine the index into the low order 
byte table for locating the new low order byte CRC value 
(New_CRC16_Lo) is given as: 


New_CRC16_Lo = (CRC16_Tablo[l]) EXOR (Cur- 
rent_CRC16_Hi) for I=0 to 255; 
where | = (Current_CRC16_Lo) EXOR (input byte) 


An example of how this method works is shown in Fig- 
ure 7. 
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ASSEMBLY LANGUAGE FOR CRC-16 COMPUTATION Table 3 


cre_lo data 20h ; lo byte of cre calculation (bit addressable) 
cre_hi data 21h ; hi part of cre calculation 
jmp =$ 
e 
e 
e 
: CRC16 subroutine. 
: - accumulator is assumed to have byte to be cre’ed 
; - two direct variables are used crc_hi and crc_lo 
: - crc_hi and crc_lo contain the CRC16 result 
crc 16: : calculate cre with accumulator 
push b ; save value of b 
mov b, #08h ; number of bits to crc. 
cre_get_bit: 
ITc a ; get low order bit into carry 
push acc ; save a for later use 
je crc_in_l sgot a 1 input to cre 
mov. ¢, crc_lo.0 ;xor with a 0 input bit is bit 
sjmp crc_cont ;continue 
cre_in_1: 
mov C, crce_lo.0 ;xor with a 1 input bit 
cpl c sis not bit. 
cre_cont: 
jnc crc_shift ; if carry set, just shift 
cpl crce_hi.6 ;complement bit 15 of cre 
cpl crc_lo.1 ;complement bit 2 of cre 
cre_shift 
mov a, erc_hi ; carry is in appropriate setting 
rrc a ; rotate it 
mov cre_hi, a ; and save it 
mov a, cre_lo ; again, carry is okay 
Irc a ; rotate it 
mov cre_lo, a ; and save it 
pop acc ; get acc back 
djnz b, crc_get_bit ; go get the next bit 
pop b ; restore b 
ret 
end 
012092 10/15 
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ASSEMBLY LANGUAGE FOR CRC-16 USING A LOOKUP TABLE Table 4 


cre_lo data 40h ; any direct address is okay 
corc_hi data 4th 
tmp data 42h 
e 
e 
e 
CRC16 subroutine. 
- accumulator is assumed to have byte to be cre’ed 


- erc_hi and crc_lo contain the CRC16 result 
- this CRC16 algorithm uses a table lookup 


; - three direct variables are used, tmp, crc_hi and crc_lo 


crcl6 
xrl a, crc_lo 3 create index into tables 
mov . a 3 save index 
push dph ; save dptr 
push dpl : 
mov dptr, #crc16_tablo ; low part of table address 
move a, @atdptr ; get low byte 
xrl a, crc_hi ; 
mov crc_lo, a ; save of low result 
mov dptr, #crc16_tabhi ; high part of table address 
mov a, tmp ; index 
move —_ a, @a+dptr : 
mov _-crc_hi, a ; save high result 
pop dpl ; restore pointer 
pop dph ; 
ret ; all done with calculation 
crc16_tablo: 


db 000h, Oc ih, 081h, 040h, 00 1h, OcOh, 080h, 04 Ih 
db 00 1h, OcOh, 080h, 04 1h, 000h, Oclh, 08 1h, 040h 
db 00 1h, OcOh, 080h, 04 1h, 000h, Oclh, 08 1h, 040h 
db 000h, Ocih, 08th, 040h, 00 1h, OcOh, 080h, 04 1h 
db 001h, OcOh, 080h, 04 1h, 000h, Oclh, 08 1h, 040h 
db 000h, Oclh, 081h, 040h, 001h, OcOh, 080h, 04 th 
db 000h, Oclh, 081h, 040h, 001h, OcOh, 080h, 04 1h 
db 00th, OcOh, O80h, 041h, 000h, Oclh, 08 1h, 040h 
db 001th, OcOh, O80h, 04 1h, 000h, Ocih, 08 1h, 040h 
db 000h, Oclh, 081h, 040h, 001h, OcOh, 080h, 04 1h 
db 000h, Och, 081h, 040h, 001h, OcOh, 080h, 04 1h 
db 00 1h, OcOh, 080h, 04 1h, 000h, Ocih, 08 1h, 040h 
db 000h, Oc th, 081h, 040h, 00 1h, OcOh, 080h, 04 th 
db OO 1h, OcOh, 080h, 04 1h, 000h, Oclh, 08 1h, 040h 
db 001th, OcOh, 080h, 041h, 000h, Oclh, 08 1h, 040h 
db 000h, Oc lh, 081h, 040h, 00 1h, OcOh, 080h, 04 th 
db 00 1h, OcOh, 080h, 04 1h, 000h, Oclh, 08 1h, 040h 
db 000h, Och, 08th, 040h, 00 1h, OcOh, 080h, 04 1h 
db 000h, Oc Ih, 081h, 040h, 00 1h, OcOh, 080h, 04 1h 
db 00 1h, OcOh, 080h, 04 1h, 000h, Octh, 08 1h, 040h 
db 000h, Oclh, 081h, 040h, 00 1h, OcOh, 080h, 04 1h 
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erc16_tabhi: 
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OO 1h, OcOh, 080h, 041h, 000h, Oclh, 08th, 040h 
00 1h, OcOh, 080h, 04 1h, 000h, Oclh, 081h, 040h 
000h, Oc lh, 081h, 040h, 00 1h, OcOh, 080h, 041h 
000h, Oc th, 081h, 040h, 001h, OcOh, 080h, 041h 
00th, OcOh, O80h, 04 1h, 000h, Oc th, O81h, 040h 
00 1h, OcOh, 080h, 04 1h, 000h, Oc lh, 081h, 040h 
000h, Oc lh, 08 1h, 040h, 00 1h, OcOh, 080h, 04 1h 
00th, OcOh, 080h, 04 1h, 000h, Oc th, 081h, 040h 
000h, Oc lh, 081h, 040h, 00 1h, OcOh, 080h, 04 1h 
000h, Oc lh, O81h, 040h, 001h, OcOh, 080h, 04 1h 
00 1h, OcOh, 080h, 04 1h, 000h, Oc lh, 081h, 040h 


000h, OcOh, Oc lh, OOLh, Oc3h, 003h, 002h, Oc2h 
Oc6h, 006h, 007h, Oc7h, 005h, OcSh, Oc4h, 004h 
Occh, 00ch, O0Odh, Ocdh, 00fh, Ocfh, Oceh, 00ch 
00ah, Ocah, Ocbh, OObh, Oc9h, 009h, 008h, Oc8h 
Od8h, 018h, 019h, Od9h, 01bh, Odbh, Odah, 01ah 
Oleh, Odeh, Odfh, 01fh, Oddh, Oldh, Olch, Odch 
014h, Od4h, Od5h, 015h, Od7h, 017h, 016h, Od6h 
0d2h, 012h, 013h, 0d3h, O11h, Odlh, OdOh, 010h 
Of0h, 030h, 03th, Of lh, 033h, Of3h, Of2h, 032h 
036h, Of6h, Of7h, 037h, OfSh, 035h, 034h, 0f4h 
03ch, Ofch, Ofdh, 03dh, Offh, 03fh, O3eh, Ofeh 
Ofah, 03ah, 03bh, Ofbh, 039h, Of9h, Of8h, 038h 
028h, Oe8h, Oe9h, 029h, Oebh, O2bh, 02ah, Oeah 
Oeeh, 02eh, 02fh, Oefh, O2dh, Oedh, Oech, 02ch 
0e4h, 024h, 025h, Oe5h, 027h, Oe7h, Oe6h, 026h 
022h, 0e2h, 0e3h, 023h, Oe lh, 02 1h, 020h, OeOh 
Oa0h, 060h, 061h, Oalh, 063h, 0a3h, 0a2h, 062h 
066h, Oa6h, 0a7h, 067h, OaSh, 065h, 064h, Oath 
O6ch, Oach, Oadh, O6dh, Oafh, 06fh, O6ch, Oaeh 
Oaah, O6ah, 06bh, Oabh, 069h, Oa9h, Oa8h, 068h 
078h, Ob8h, Ob9h, 079h, Obbh, 07bh, 07ah, Obah 
Obeh, 07eh, 07fh, Obfh, 07dh, Obdh, Obch, 07ch 
0b4h, 074h, 075h, ObSh, 077h, 0b7h, Ob6h, 076h 
072h, 0b2h, 0b3h, 073h, Ob lh, 071h, 070h, ObOh 
050h, 090h, 091h, 05 1h, 093h, 053h, 052h, 092h 
096h, 056h, 057h, 097h, 055h, 095h, 094h, 054h 
09ch, O5ch, O5dh, 09dh, O5fh, 09fh, 09eh, OSeh 
O5ah, O9ah, O9bh, OSbh, 099h, 059h, O58h, 098h 
088h, 048h, 049h, 089h, 04bh, 08bh, O8ah, O04ah 
04eh, O8eh, O8fh, 04fh, O8dh, O4dh, 04ch, O8ch 
044h, 084h, 085h, 045h, 087h, 047h, 046h, 086h 
082h, 042h, 043h, 083h, 04 1h, 08 1h, 080h, 040h 
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COMPARISON OF CALCULATION AND TABLE LOOKUP METHOD FOR CRC-16 Figure 7 


Example: 


CRC register starting value: 90 F1 Hex 


Input Byte: 75 Hex 


Calculation Method 
Current CRC Value _ Input 
1001 0000 1111 0001 
0100 1000 0111 1000 
0010 0100 0011 1100 
1011 0010 0001 1111 
1111 1001 0000 1110 


Jable Lookup Method 


Current_CRC16_Lo = F1 Hex 
Current_CRC16_Hi = 90 Hex 
Input byte = 75 Hex 


Tabhi Index= (Current_CRC16_Lo) EXOR (Input byte) 
= F1 EXOR 75= 84 Hex = 132 Dec 
New_CRC16_Hi = Tabhi[132] = 63 Hex (from Table 4.) 


1101 1100 1000 0110 
1100 1110 0100 0010 
1100 0111 0010 0000 
0110 0011 1001 0000 
New CRC Value = 63 90 Hex 


1 
0 
1 
0 
1 
1 
1 
0 


An interesting intermediate method is presented in 
Table 5. The code will generate a CRC-16 value for each 
byte input to it by operating on the entire current CRC 
value and the incoming byte using the equations shown 
in Figure 8. The derivations for the equations are also 
shown, using alpha characters to represent the current 
16-bit CRC value and numeric characters to represent 
the bits of the incoming byte. The result after eight shifts 
yields the equations shown. These equations can then 
be used to precompute large portions of the new CRC 
value. Notice, for example, that the quantity ABC- 
DEFGH01 234567 (defined as the EXOR of all of those 
bits) is the parity of the incoming data byte and the low 
order byte of the current CRC. This method reduces 
computation time and memory space as compared to 
both the bit-by-bit and lookup table methods described 
above. Finally, two properties of the CRC-16 function 
that can be used as test cases are mentioned as an aid 
to debugging the code for any of the previous methods. 
The first property is identical to the DOW CRC case. If 
the current 16-bit contents of the CRC register are also 


Tablo Index = (Current_CRC16_Lo) EXOR (Input byte) = 132 Dec — 
Tablo[132] = 00 Hex (from Table 4.) 

New_CRC16_Lo = Tablo[132] EXOR (Current_CRC16_Hi) 

= 00 EXOR 90 = 90 Hex 


New CRC Value = 63 90 Hex 


used as the next 16-bits of input, the resulting CRC val- 
ue is always 0000 Hex. A second property of the 
CRC-16 function is also similar to the DOW CRC case, if 
the 1's complement of the current 16-bit contents of the 
CRC register are also used as the next 16-bits of input, 
the resulting CRC value is always BO 01 Hex. The proof 
for these two CRC-16 properties follows in an analo- 
gous way to the proof for the DOW CRC case. 


REFERENCES: 


Stallings, William, Ph.D., Data and Computer Commu- 
nications. 2nd ed., New York: Macmillan Publishing. 


107-112. 


Buller, Jon, “High Speed Software CRC Generation” 
Dallas Semiconductor Application Note 


Dallas Semiconductor 1991 Automatic Identification 


Data Book, 4401 South Beltwood Pkwy., Dallas, Tx. 
75244 
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ASSEMBLY LANGUAGE PROCEDURE FOR HIGH-SPEED CRC-16 COMPUTATION Table 5 


lo equ 40h ; low byte of CRC 
hi equ 41h ; high byte of CRC 
e 
e 
e 
ercl6; 
push ace : save the accumulator. 
xrl a, lo 
mov lo, hi ; move the high byte of the CRC. 
mov hi, a ; save data xor low(crc) for later 
mov c, P 
jne crcO 
xrl lo, #01h ; add the parity to CRC bit 0 
ercO: 
irc a ; get the low bit inc 
jne crcl 
xrl lo, #40h : need to fix bit 6 of the result 
crcl: . 
mov ¢, ace.7 
xrl a, hi ; compute the results for other bits. 
rre a ; shift them into place 
mov hi, a ; and save them 
jne erc2 
xrl lo, #80h ; now clean up bit 7 
cre2: 
pop acc ; restore everything and return 
ret 
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DALLAS 


SEMICONDUCTOR 


DS199x Touch Memory Format 


and Protocol Standards 
Version1.02 


In the Touch environment, the contact which establishes 
communication can be momentary and therefore inter- 
mittent by its very nature. DS 199x Touch Memories (TM) 
were designed to operate with such a superficial contact, 
but must adhere to proper protocols and formats to build 
distributed databases with integrity and to take advan- 
tage of their special design provisions. 


When under the control of a human operator, there is no 
way toregulate the duration of contact between the touch 
probe and the DS199x TM. Consequently, the tech- 
niques of reading and writing data must be designed to 
operate in a satisfactory manner regardless of when the 
contact between the DS199x and the probe is inter- 
rupted. This dictates that data should be packetized and 
that a certain methodology should be followed, as de- 
scribed below: 


Identification of a DS199x Touch Memory 

The first step in communicating with a TM is to read and 
verify the permanent, unique identification data from its 
ROMin order to determine the product type (family code) 
as well as the unique serial number associated with the 
device. A single byte check code, referred to as the 
Dallas One-Wire Cyclic Redundancy Check (DOWCRC) 
is included at the end of the ROM data to aid in validating 
the data. (A description of the DOWCRC is provided in 
the application note entitled “Using Cyclic Redundancy 
Checks with Touch Memory " available from Dallas 
Semiconductor.) Each member of the DS199x family of 
TMis distinguished by a specific value of the family code, 
which indicates what features are available in the device. 
The unique serial number serves to distinguish the 
device from all others of the same family. The method- 
ology for acquiring this data is described below: 


1. Issue the RESET signal and wait for the PRESENCE 
response from the TM, as described in the DS 199x data 
sheet. This can be performed in a polling loop, or in 
response toa presence interrupt thatis induced when the 
part is brought into contact with the reader. 


2. Transmit the value 33 hex to the part to activate the 
ROM data output circuitry. Initialize the CRC accumula- 
tor to zero to prepare for the data to be received. 


3. Read the next eight bytes from the part and process 


each of them through the DOWCRC algorithm to accu- 
mulate the CRC. 


4. If the value of the accumulated CRC is C9 hex, then 
steps 1 - 3 above should be repeated, but with the value 
OF hex transmitted to the part instead of 33 hex. (This 
provides the means to access the DS 1990 producttype.) 


5. If the value of the accumulated CRC from the above 
steps is zero, then the data has been validated. In this 
case, the first byte read is the family code, and the next 
six bytes are the unique serial number. 


The family code serves to indicate the features that are 
available in the TM, and it can be used to select the 
operations that will be performed next to exercise the 
desired features. All TM family members support the 
reading of the family code and serial number, and all 
except the DS1990 can store additional information as 
well. The following general discussion describes the 
techniques to be used for reliable data transmission to 
and from any of these products. 


Reading Data Reliably from a DS199x 

To guarantee that data can be read reliably from a 
DS199x TM, a two-byte cyclic redundancy check word 
(CRC16) should be included with the data when it is 
written. CRC16 is a common error detection standard 
described in many common texts on communication and 
explained in application note 27, “Using Cyclic Redun- 
dancy Checks with Touch Memory” available from Dal- 
las Semiconductor. When the computer reads data from 
the DS199x, it calculates the CRC and compares the 
calculated value with the value read from the DS199x. If 
data is lost or corrupted because the probe is removed 
prematurely, then the CRC can be used to detect the 
error and ignore the data thatwas read. The read attempt 
can then be repeated as needed until a valid CRC is 
obtained. The recommended data format to achieve 
reliable reads is described below in the section entitled 
Data Formats and I/O Protocols. 


Writing Data Reliably to a DS199x 

To write data reliably, itis necessary to write the data first 
to a temporary scratchpad area in the DS199x, confirm 
that the data has been written to the scratchpad correctly, 
issue a command to the DS 199x to transfer the contents 
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of the scratchpad into one of the other memory pages, 
and then confirm that the data has been transferred. This 
strict process is required because it will guarantee that 
the data in the memory page is not a corrupted mixture 
of old data that was previously in the memory page and 
new data that was only partially written when the contact 
with the writing probe was interrupted. If this procedure 
is followed, then the data in the memory page will always 
be either the new data (if the write process was com- 
pleted) or the old data (if the write process was not 
completed), and never a corrupt mixture of the two. The 
complete procedure for reliable writing is described in 
detail below: 


1. Write the new data into the scratchpad memory 
buffer, including CRC 16 bytes as described in the sec- 
tion below entitled “Data Formats and I/O Protocols.” 


2. Read the scratchpad memory buffer and compare its 
contents with the new data that was written to it. 


3. If the data read does not match the new data, repeat 
steps 1 and 2 until a match is obtained. 


4. issue the transfer command to transfer the data from 
the scratchpad to one of the memory pages. 


§. Read the data from the memory page and compare 
itto the new data. (Note that the data in the memory page 
will be the old data if the transfer command was not 
received correctly, or it will be the new data if the transfer 
command was received correctly.) 


6. If the data read does not match the new data, repeat 
steps 1 through 5 until a match is obtained. 


7. Repeat steps 1 - 6 for the other memory pages if 
necessary. 


8. Signal the operator that the write operation has been 
completed with a beep or similar signal. (An alarm or 
other unmistakable warning signal may be sounded if 
some but not all of the memory pages were written and 
confirmed to warn the operator to continue the write 
operation until it is fully completed.) 


Note that the transfer operation is uninterruptible and is 
performed on the entire data page at once by the elec- 
tronic circuitry in the DS199x to safeguard against a 
partial or incorrect transfer. The transfer either takes 
place, oritdoes not. Data formats to obtain reliable reads 
and writes in various members of the DS199x product 
family are described below. 


Data Formats and I/O Protocols 
The various members of the DS199x TM family offer 
different capabilities and can be distinguished by the 


value of the family code read from the first byte of the 
ROM. Note that since the ROM packetis only 56 bits, an 
8-bit CRC, known as the Dallas One-Wire (DOW) CRC, 
is sufficient. However, all other data records are to be 
validated with the two-byte CRC standard known as 
CRC16. As noted above, all data stored in memory 
pages of a DS199x should be preceded by a length byte 
giving the number of significant bytes in the data, and 
accompanied by aCRC16 complement word to aid in the 
checking of data integrity. This word follows immediately 
after the data to which itapplies, and the CRC calculation 
Includes all of the preceding data, including the length 
byte. Once the family code has been read, then a data 
\/O format and transfer protocol can be selected accord- 
ing to the capabilities of the product. Format specifica- 
tions for several different DS199x series products are 
given below: 


The DS1990 Touch Serial Number 

The unique six-byte serial number described above is the 
only memory page available in the DS 1990. Itis validated 
by the DOWCRC and is read as described above. 


The DS1991 Touch MultiKey 
The DS1991 contains three secure memory pages, each 
of which provides both a public ID field to aid in identifying 
the data and a password-protected Secure Data field for 
the protected data. The recommended format for data in 
the ID field is described below: 


1. ID length byte. This byte specifies the number of 
significant characters, N in the ID field and may range 
from zero to five. The value of N should be stored in byte 
zero of the ID Field. 


2. ID data bytes. These consist of N bytes of informa- 
tion for identification of the product and/or the data within 
the memory page. These bytes are to be stored in bytes 
1 through N of the ID field. 


3. CRC. These two bytes are the ones complement of 
the CRC16 ofall the preceding bytes. To calculate the 
complemented CRC 16, the CRC16 accumulator is first 
initialized to zero, then the length byte is accumulated 
into the CRC16 followed by the N data bytes Then the 
CRC16is complemented and the least significant byte of 
the complemented CRC 16 is placed in byte N+1 of the ID 
field and the most significant byte of the complemented 
CRC 16 is placed in byte N-+2 of the ID field. 


The information in the ID field of a given memory page 
serves as an easily readable public label for the data in 
the protected Secure Data field of the memory page. The 
complemented CRC16canbeused toconfirm thatthe ID 
field data has been read correctly. (If the CRC16 is 
calculated on all the significant data in the ID field, 
including the CRC16 at the end of the data, then the 
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CRC16 value B001 hex signifies valid data.) 


The information in the Secure Datasegment ofamemory 
page should be formatted in amanner similar to that of the 
ID Field. The fength byte, N, specifying the number of 
significant characters in the Secure Data field should be 
written in byte zero of the ID field, followed by the N bytes 
of application-specific data, followed by the comple- 
mented CRC 16 with the leastsignificant byte first. (Again, 
if the CRC16 is calculated on all the significant data, 
including the final complemented CRC 16, then the result 
BO01 hex should be obtained.) Since the capacity of the 
Secure Data page is 48 bytes and three bytes are used 
for the length and the CRC 16, then 45 bytes are available 
in each of the three Secure Data pages for application- 
specific data. Note that if the length of the application- 
specific data in the memory page is less than 45 bytes, 
all the remaining data in the Secure Data page can be 
ignored. This can be used to speed up transactions in 
cases where the memory pages are not completely filled 
with significant data. It also allows the user to select 
natural record lengths specific to the application instead 
of fixed record lengths. 


It is recommended that the application-specific data 
include whenever possible the date and time that the data 
was written into the Secure Data page. This information 
is useful in tracing system problems. Dallas Semicon- 
ductor recommends that this date and time be expressed 
according to the UNIX standard as a four-byte unsigned 
integer representing the total number of seconds since 
midnight on January 1, 1970. The least significant byte of 
the integer should be given first: 


Byte | : Least significant byte of the date/time. 
Byte I+1: Next significant byte of the date/time. 
Byte I+2: Next significant byte of the date/time. 
Byte I+3: Most significant byte of the date/time. 


The use of a date and time makes it possible to verify if 
multiple memory partitions were updated as aset. The 
memory page that was not updated can always be 
identified by its earlier date/time code. The date/time 
code expressed as recommended above occupies four 
bytes in each Secure Data page, leaving 41 bytes 
available in each memory page for other application 
specific data. The combined capacity of the Secure Data 
fields of all memory pages for application-specific data is 
therefore 41°3 = 123 bytes. 


In order to gain access to the data in the secure data 
segment of a memory page, it is necessary to supply a 
password to enable access to the page. Itis suggested 
that this password be derived from the unique ROM data 
of the part by a one-to-one mapping. This procedure 
gives each part a unique password, and it also insures 
that the ROM data was read, since it is impossible to 


access the secure memory page without supplying the 
correct password. The reader/writer may log these 
unique ROM codes as parts are read or written to provide 
an independent audit trail for the reading and writing 
process. The one-to-one mapping may be as simple as 
using the ROM data without modification as the pass- 
word. Alternatively, the ROM data may be exclusive- 
ored bit by bit with a specific key pattern to provide a 
measure of security for any or all memory pages to 
discourage data tampering by unauthorized persons. 
(Where a higher level of data secrecy is required, the 
ROM data can be encrypted by DES or another block 
cypher to create a unique and secure password.) 


The DS1992 Touch Memory (1 KBit) 

The DS1992 contains a 32-byte scratchpad and four 32- 
byte memory pages. Except for the family code and the 
number of memory pages, this memory is identical to the 
DS1993 TM (4 KBit) described in the following section. 
Data should be stored in and retrieved from a DS 1992 in 
the manner presented below for the DS1994. 


The DS1893 Touch Memory (4 KBit) 

The DS1993 contains a 32-byte scratchpad and sixteen 
32 byte memory pages. Except for the family code and 
the seventeenth page (timekeeping registers), this 
memory is identical to the DS1994 TM Plus Time de- 
scribed in the following section. Data should be stored in 
and retrieved from a DS1992 in the manner presented 
below for the DS1994. 


The DS1994 Touch Memory Plus Time 

The DS1994 contains a 32-byte scratchpad and sixteen 
32 byte memory pages. The data in each page should 
begin with a length byte, followed by the application- 
specific data, followed by the ones complement of the 
CRC 16 ofall the preceding data in the page, including the 
length byte. (If the data record, including the length 
byte and complemented CRC16, is too long to fit com- 
pletely into a single page, it may be carried over into 
consecutive pages. If the length of the data record 
exceeds or equals 255 bytes, then the first byte is 255 
and the second byte is chosen so that the sum of the first 
and second bytes is the length of the data record. If the 
length of the data record, including the length byte(s) and 
complemented CRC16, is less than an integral number 
of pages, then any additional bytes remaining in the final 
page following the complemented CRC16 are ignored.) 
The reader first initializes the CRC accumulator to zero 
and then reads the length byte(s) and all the significant 
data from the page(s), including the complemented 
CRC16, and passes it through the CRC16 processing 
algorithm. The value of the accumulated CRC16is then 
compared with the value BOO1 hex for validation. 


Writing to one of the sixteen pages is accomplished 
through the scratchpad in the manner described above 
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in the section entitled "Writing Data Reliably toa DS199x." 


The seventeenth page is a special case in that the values 
of several of the registers change with time. Itis therefore 
impractical to use a CRC, since the data is continuously 
changing. For this page, verification of reads should be 
done by repetition. On successive reads, the time regis- 
ters are checked to determine that the amount by which 
they have changed is consistent with the amount of 
elapsed time between successive reads. By limiting the 
allowable change to one second and performing at least 
two reads within that period, a validation can be per- 
formed. 


The same consideration applies when writing to the 
seventeenth page. The scratchpad data can be con- 


firmed exactly by reading since itis unchanging, but once 
the data is transferred to the seventeenth page, the data 
is changing and should be checked for consistency 
according to the method of verifying reads described 
above. 


File Structure Specifications for Touch Memory Data 
The default Structure for the data that is to be stored ina 
CRC-validated TM data packet is a string of ASCII text 
characters. Specifications for fixed and floating point 
numeric data and a variety of other common data types 
are also available as Extensions. Additional information 
on data structures and Extensions are available in the 
application note 29 entitled “File Structure Standards for 
Touch Memory ," available from Dallas Semiconductor. 
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DALLAS 


SEMICONDUCTOR 


File Structure Standards 
for Touch Memory 


INTRODUCTION 

This document prescribes an organizational structure for 
data thatis tobestoredin or retrieved from Touch Memory 
(TM). The main purpose of these standards is to facilitate 
the use of TM for the transfer of data between applications 
in a uniform and consistent manner. Some of the advan- 
tages provided by these standards are the following: 


1. Any user of TM can read the data stored by another 
user and interpret the formatted data types correctly. 


2. Different applications have the means to recognize 
their own TM and to distinguish it from those of other 
applications, in order to avoid misinterpreting or damaging 
the stored data. 


3. Pre-existing standard data structures can be stored 
in TM in identifiable form, so that the data structures can 
be read and interpreted correctly by any application that 
supports the pre-existing standard. 


The Universal Data Packet defined in this document 
specifies the topmost level of data organization. The 
Universal Packet conforms to the page structure imposed 
by the TM hardware design and provides variable length 
packetization and error checking for the enclosed data. 
The enclosed data may be either an untyped text string of 
ASCIl characters or a typed data structure explicitly 
defined in an Extension. (A text string can be distin- 
guished from an Extension data structure by the magni- 
tude of the first byte, as described further below.) An 
Extension is an explicit definition of a set of standard data 
types and rules for interpreting the typed data. Docu- 
ments specifying the existing Extensions are available 
separately from Dallas Semiconductor. 


THE UNIVERSAL DATA PACKET 
The data in a TM is organized into Pages by the design 
of the underlying hardware. Pages begin at explicit 
addresses within the TM. For the purposes of this 
document, a Page is the longestblock of contiguous bytes 
that satisfy both the following conditions: 


1. All of the bytes of a Page can be read sequentially 
after the appropriate command bytes have been transmit- 
ted to the TM. 


2. All of the bytes of a Page can be written in a single 
operation, by issuing a block transfer command to copy 
the entire contents of a transfer buffer into the desired 
Page. 


In addition, the transfer buffer (scratchpad) of a TM may 
itself be regarded as a Page provided that the length of the 
scratchpad is greater than that of any other Page in the 
same TM. 


A Universal Data Packet must begin at the starting 
address ofa Page. Itmay endin the same Page, or itmay 
extend across the boundaries of multiple consecutive 
Pages if the Pages can be read sequentially. Page zero 
(or the scratchpad in the case of the DS 1991) must be the 
beginning of a Universal Data Packet. Any other page 
may also be the begining of a Universal Data Packet (The 
Packet beginning in Page zero may provide a directory of 
the contents of other Pages.) The data packet begins with 
aone or two byte length specifier which gives the number 
of bytes in the Extension data structure or untyped text 
string. If the first byte is zero and the two following bytes 
(complemented CRC 16, are 255, then the Universal Data 
Packet is a null packet. (A null packet is a valid data 
packet containing no data; If the first byte is less than 255, 
it specifies the length in bytes of the following text or data 
structure, notincluding the length byte itself or the comple- 
mented CRC. The text or data structure follows the length 
byte. If the first byte is equal to 255 then the sum of the 
first two bytes is the length and the text or data structure 
follows the second byte. Again, the two length bytes and 
the complemented CRC 16 are not included in the length. 
The length specifier may indicate any length from 0 to 508 
bytes inclusive. The two length specifiers (255, 254) and 
(255, 255) which fall outside this range are reserved for 
future definition. Following the text or data structure is a 
two byte one’s complemented CRC16 of all the previous 
bytes in the packet. This CRC is calculated by initializing 
the CRC accumulator to zero and then computing the 
CRC16 of all previous bytes, beginning with the least 
significant bit of the length specifier. (A more detailed 
discussion of CRCs is provided in Dallas Semiconductor 
Application Note 27 entitled, “Using Cyclic Redundancy 
Checks with Touch Memory”.) 


The default format of the data in a Universal Data Packet 
is ASCII text. This format can be recognized by the fact 
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that the first byte of data following the length specifier is 
numerically less than 128 (80 Hex). Note thatbytes of the 
text string following the first byte may have values greater 
than or equal to 128, even though these values fall 
outside the ASCII standard. The meaning of these bytes 
is undefined. If the first byte is greater than or equal to 
128, then that byte specifies which Extension to use for 
interpreting the subsequent data. The general structure 
of Extensions is described below. 


EXTENSIONS 

A data structure conforming to a given Extension begins 
with the extension number byte containing the number of 
the Extension, which ranges from 128 to 255. Following 
the Extension number is the typed data. In a general 
purpose Extension, the data may consist of both type 
specifiers and typed variables. For each type specifier, 
the Extension specifies the exact number of bytes occu- 
pied by the corresponding variable(s) and the format of 
the variable(s). For example, the variable could be an 
IEEE standard COMP variable (eight byte signed inte- 
ger), an ASCIl text string, one of many floating point 
variable types, etc. With this information stored in the 


TM, it is possible for a programmer with access to the 
appropriate Extension to display the stored data in a 
readable format, even though he may not have access to 
or knowledge of the application with which it was written. 


The Extension number may range from 128 to 255, 
allowing the flexibility to define popular pre-existing data 
structures explicitly as Extensions (e.g. WK1 spread- 
sheet file format), or to enhance an existing general 
purpose Extension by adding definitions of previously 
unsupported type specifiers. Since the extension num- 
ber is the first data element encountered by an applica- 
tion within the Universal Data Packet, itis possible for an 
application to determine immediately whether it can 
process the data in a meaningful way. 


The extension number 255 specifies that the following 
data is encodedin a proprietary format, which for security 
reasons can be interpreted correctly only by a given 
proprietary application. It is then the responsibility of the 
proprietary application to recognize its own TM, to insure 
that data is read and written appropriately, and to avoid 
writing to TM belonging to other applications. 
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Buttons that travel the distance. 
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